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Summary 
This thesis describes the syntheses, the crystal structures, and the physical properties of some 
new ternary and quaternary rare-earth coinage metal arsenides, selenides and oxides. The 
results of single-crystal structure investigations of all compounds are given, as well as 
electrical resistivities r, magnetic susceptibilities c, and heat capacities cp, determined on 
powder pellets of selected samples. 
All ternary compounds LnCu1+dAs2 (Ln = Y, La, Ce, Nd, Sm, Gd  Lu), LnAg1+dAs2 (Ln = La 
 Nd, Sm), and LnAuAs2 (Ln = Pr, Sm, Gd, Tb) adopt structures closely related to the 
HfCuSi2 type consisting of PbO-like layers of T and As atoms, square layers of As atoms and 
layers of Ln atoms separating the former two building units. For LnCu1+dAs2, a non-
stoichiometry (d > 0) has been established for the first members of this series. Going along 
the series of rare-earth metals, d decreases continuously with decreasing atomic radius of the 
rare-earth metal and goes to 0 for Ln = Gd  Lu. All copper compounds of this series contain 
regular square nets of As atoms, whereas the respective nets in the silver and gold compounds 
are distorted. Two principally different patterns of distortion have been found: 1¥ [As] zigzag 
chains in LnAgAs2 (Ln = Pr, Nd, Sm) and 1¥ [As] cis-trans chains in LaAg1.01(1)As2, CeAgAs2, 
and PrAuAs2. Both patterns can undergo a further reduction of symmetry to end up with a 
pattern of As2 dumb-bells as can be seen in SmAuAs2, GdAuAs2, and TbAuAs2 (fig. 1).  
Stoichiometric samples LnCuAs2 (Ln = Y, Pr, Nd, Sm, Gd, Tb, Dy, Er) have been used for 
measurements of the conductivity r, magnetic susceptibility c and heat capacity cp. All 
investigated compounds exhibit metallic conductivity and, except for Y, order 
antiferromagnetically at temperatures below 10 K. In the c vs. T and the cp vs. T diagrams, 
weak upturns, corresponding to a minimum in the r(T) curves, were found which can be 
attributed to a complex magnetism related electron scattering of the paramagnets. 
In contrast to LnCuAs2 compounds, the silver compound CeAgAs2 shows semiconducting 
behavior throughout the temperature range from 4 to 350 K, whereas in PrAgAs2 metallic 
conductivity is preserved. 
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Fig. 1: Comparison of the As layers: (a) the regular square net in LnCu1+dAs2, (b) the 
            zigzag chains in LnAgAs2 (Ln = Pr, Nd, Sm) (c) the cis-trans chains in LnAgAs2  
            (Ln = La, Ce) and PrAuAs2, and (d) the dumb-bells in LnAuAs2 (Ln = Sm, Gd, Tb). 
 
The new compound Sm2Cu3As3 has been found to be the first example of a ternary rare-earth 
transition metal pnictide adopting the Zr2Ni3As3 structure-type. The three-dimensional 
structure contains Sm atoms in octahedral and trigonal prismatic coordination by As atoms as 
well as [CuAs4] tetrahedra. 
In addition to these series of ternary compounds, some quaternary selenides and one 
quaternary arsenide oxide have been investigated. The crystal structure of Sm2CuAs3O 
contains two different PbO-like layers formed either by Sm and O or Cu and As atoms. Both 
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PbO-type layers are separated by sheets of Sm and distorted square nets of As atoms. The As 
atoms are arranged in planar zigzag chains, like those found in NdAgAs2. Sm2CuAs3O is thus 
the first quaternary rare-earth pnictide oxide with a distorted As net.  
The quaternary potassium rare-earth copper selenides KGd2CuSe4, KLn2Cu3Se5 (Ln = Ho, Er, 
Tm), and K2Ln4Cu4Se9 (Ln = Dy, Y) extend three series of previously described sulfide and 
selenide compounds. All three series adopt a three-dimensional tunnel structure built up by 
[LnSe6] octahedra and [CuSe4] tetrahedra. The K atoms reside in the tunnels with a bicapped 
trigonal prismatic coordination of eight Se atoms for KGd2CuSe4 and KLn2Cu3Se5 (Ln = Ho, 
Er, Tm), while for K2Ln4Cu4Se9 (Ln = Dy, Y), the K atoms are coordinated by seven Se atoms 
in monocappped trigonal prisms. The coordination environments of the rare-earth and copper 
atoms as well as their interatomic distances are similar in all compounds, despite of the 
different compositions. 
 
 
Fig. 2: Polyhedral representation of the structure of KGd2CuSe4. 
 
Finally, the ternary gadolinium copper selenide Gd3CuSe6 has been obtained using LiCl/KCl 
as flux. Its crystal structure contains [Se2]2 dumb-bells in octahedra of Gd atoms. The Gd 
atoms are coordinated by eight Se atoms in a bicapped trigonal-prismatic arrangement. The 
copper atoms are statistically distributed over the centers of pairs of face-sharing tetrahedra. 
A survey of the compounds investigated in this thesis is given in table 1. 
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Table 1: Ternary and quaternary compounds investigated in this thesis. 
 
No. compound space group lattice parameters structure-type 
   a (Å) b (Å) c (Å) b (°) g (°)  
1 LaCu1.25(1)As2 I4/mmm 4.096(1) 4.096(1) 20.224(4)   SrZnBi2 
2 CeCu1.11(1)As2  4.028(1) 4.028(1) 10.059(2)    
3 NdCu1.06(1)As2  3.979(1) 3.979(1) 10.016(2)    
4 SmCu1.05(1)As2  3.944(1) 3.944(1) 9.944(2)    
5 TbCuAs2  3.901(1) 3.901(1) 9.901(2)    
6 DyCuAs2 P4/nmm 3.884(1) 3.884(1) 9.847(2)    
7 YCuAs2  3.888(1) 3.888(1) 9.881(2)   HfCuSi2 
8 HoCuAs2  3.868(1) 3.868(1) 9.804(2)    
9 ErCuAs2  3.865(1) 3.865(1) 9.802(2)    
10 TmCuAs2  3.854(1) 3.854(1) 9.778(2)    
11 YbCuAs2  3.842(1) 3.842(1) 9.743(2)    
12 LuCuAs2  3.842(1) 3.842(1) 9.762(2)    
13 LaAg1.01(1)As2 Pcmb 5.837(1) 5.838(1) 21.289(4)   CeAgAs2 
14 CeAgAs2 Pcmb 5.758(1) 5.770(1) 21.050(4)   CeAgAs2 
15 PrAgAs2  4.029(1) 4.069(1) 21.061(4)  90.0(1)  
16 NdAgAs2 P1121/n 4.029(1) 4.045(1) 21.003(4)  90.0(1) PrAgAs2 
17 SmAgAs2  3.991(1) 4.020(1) 20.885(4)  90.0(1)  
18 PrAuAs2  5.778(1) 5.801(1) 20.465(4)    
19 SmAuAs2  5.729(1) 5.735(1) 21.439(4)    
20 GdAuAs2 Pcmb 5.674(1) 5.681(1) 20.299(4)   CeAgAs2 
21 TbAuAs2  5.648(1) 5.661(1) 20.220(5)    
22 Sm2Cu3As3 Pnma 13.445(3) 4.019(1) 11.089(2)   Hf2Ni3P3 
23 Sm2CuAs3O Pnma 34.469(1) 3.948(1) 3.984(1)   Hf2CuGe4 
24 KGd2CuSe4  4.136(1) 14.019(3) 14.384(3)   KGd2CuS4 
25 KHo2Cu3Se5  4.098(1) 14.368(3) 16.882(3)    
26 KEr2Cu3Se5 Cmcm 4.087(1) 14.379(3) 16.832(3)   RbSm2Ag3Se5 
27 KTm2Cu3Se5  4.079(1) 14.358(3) 16.749(3)    
28 K2Dy4Cu4Se9 C2/m 14.246(3) 4.108(1) 16.436(3) 109.5(3)  Rb2Gd4Cu4S9 
29 K2Y4Cu4Se9 C2/m 14.245(3) 4.102(1) 16.432(3) 109.4(3)  Rb2Gd4Cu4S9 
30 Gd3CuSe6 Pbcm 7.107(1) 7.797(2) 16.897(3)   Sm3CuSe6 
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1             Introduction 
1.1          Layered rare-earth transition metal pnictides and pnictide oxides 
Compounds with layered structures are subject of intense investigations, because of their 
interesting structural features and physical properties. Special attention has been paid to 
compounds that host two-dimensional (2D) square nets of main group elements [110]. 
Layered structures with 2D square nets are formed by a large number of binary and ternary 
compounds of the general compositions MX2, MTX2, and MT2X2. In this notation, M usually 
stands for an alkaline, alkaline earth, or rare-earth metal, T for a transition metal, and X for an 
element of group 14 or 15. Many of these structures consist of a stacking sequence of 
puckered PbO-type layers  edge-sharing square pyramids alternating top up  top down  
and the respective square net.  
 
Fig. 1.1: PbO-type layer. 
 
As stated in [11  13], a large series of compounds can formally be regarded as derivatives of 
the BaAl4 type (space group I4/mmm, lattice parameters a = 4.539(3) Å; c = 11.160(3) Å 
[14]). In this intermetallic phase, the PbO-like layer is composed of two crystallographically 
independent aluminium atoms, Ala and Alp, (a = apical, p = planar; figure 1.2a). A variety of 
compounds can be formed due to different substitution patterns of the Ala and Alp atoms, and 
different stoichiometries are achieved by diluting the Al sublattice. 
If, for instance, in ternary derivatives MT2X2 the former Alp atoms are replaced by T atoms 
and the former Ala atoms by X atoms, the resulting structure is called ThCr2Si2 type (space 
group I4/mmm, lattice parameters a = 4.043(1) Å; c = 10.577(2) Å, figure 1.2b, [15]). If one 
half of both, the former Alp atoms and the former Ala atoms, are replaced by T atoms and the 
remaining half by X atoms, the CaBe2Ge2 type results (space group P4/nmm, lattice 
parameters a = 4.020(2) Å; c = 9.920(2) Å, figure 1.2c, [11, 16]). Removing randomly some 
of the Ta atoms of the CaBe2Ge2 type leads to a defect structure MT2xX2 (figure 1.2d). Since 
for all compounds discussed here, x is about 0.90 ± 0.05, the structure can more appropriately 
be described as a stuffed variant of the HfCuSi2 type (see below). In the following we will 
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thus refer to this structure as MT1+dX2 (d = 1  x). For d = 0, i. e. after removing all of the 
above mentioned Ta atoms in alternating PbO-type layers, the HfCuSi2 type is reached. This 
MTX2 structure-type is sometimes also called ZrCuSi2 or CaMnBi2 type (space group 
P4/nmm, lattice parameters a  »  4 Å; c » 10 Å, figure 1.2e, [1, 17, 18]). At this stage, single 
square nets of Xp atoms occur for the first time, which are quite well separated from the other 
structural units. Removing some of the Tp atoms from the remaining PbO-type layers of the 
HfCuSi2 type, again in a random manner, results in defect structures MT1dX2 (figure 1.2f) 
[19] and finally in a binary structure-type of the general composition MX2, which can be 
considered to be the aristotype of many binary polytetrelides, polypnictides, and 
polychalcogenides MX2d (0 < d < 0.5; [20]). For d = 0, this structure-type is called PbFCl 
type or ZrSSi type (space group P4/nmm, lattice parameters a  »  4 Å; c » 8 Å, figure 1.2g, 
[21, 22]). 
Some of the relevant structures are shown schematically in figure 1.2 and some examples of 
rare-earth compounds for each structure-type are given in table 1.1. 
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Figure 1.2: Schematic illustration of the crystal structures of BaAl4 (a), ThCr2Si2 (MT2X2, b), 
CaBe2Ge2 (MT2X2, c), stuffed HfCu1+dSi2 (NdCu1.06As2, MT1+dX2, d), HfCuSi2 (HoCuAs2, 
MTX2, e), defect HfCu1dSi2 (LaZn0.52Sb2 MT1-dX2, f), and MX2 (idealized LaSe2 structure, 
ZrSSi type, g). M atoms are depicted as black circles, X atoms as open circles, T atoms as grey 
circles, and partially occupied T positions are hatched. 
 
Table 1.1: Some examples of compounds crystallizing in the structure-types discussed below. 
structure-type examples references figure 
 LnNi2P2 (Ln = Y, La  Nd, Sm, Tb  Tm)  [23]  
 EuCu2As2 [24]  
ThCr2Si2 LnNi2As2 (Ln = La  Nd, Sm, Gd) [25] 1.2b 
 SrCu2As2, BaCu2As2 [26]  
 ThT2Si2 (T = Mn, Fe, Co, Ni, Cu) [15]  
 BaMg2Pb2, BaZn2Sn2 [11]  
CaBe2Ge2 LnT2X2 (T = Ni, Pd; X = Sb, Bi)  [27] 1.2c 
 LaPt2Si2 [28]  
 LnCu1+dAs2 (Ln = La, Ce, Pr) [4]  
stuffed HfCuSi2: 
(defect CaBe2Ge2) 
LnNi2xX2, (Ln = La  Nd, Sm, Gd  Er;  
X = Sb, Bi) 
[29]  
1.2d 
 LnCu1+xP2x (Ln = Ce, Sm, Tb, Ho, Er) [30, 31]  
 LnCuAs2 (Ln = Y, La  Nd, Sm, Gd  Lu) [3]  
 LnAuAs2 (Ln = La  Nd, Sm, Gd, Tb) [32]  
HfCuSi2  
(ZrCuSi2, CaMnBi2) 
LnTSb2 (Ln = La  Nd, Sm, Gd ; 
                   T = Mn, Zn, Cd) 
[8]  
 LnAgAs2 (Ln = La  Nd, Sm, Gd  Dy) [6, 32] 1.2e 
 LnTSb2 (Ln = La  Nd, Sm, Gd  Lu ;  
T = Ni, Pd, Cu, Au) 
[5, 19]  
 LnAgSb2 (Ln = Y, La  Nd, Sm, Gd  Lu) [3, 9, 33, 34]  
 LnCuAs2xPx (Ln = Sm, Gd, Ho, Er ;  
x = 0  2)  
[2]  
defect HfCuSi2 LnT1dSb2 (Ln = La  Nd, Sm, Gd; T = Mn, 
Fe, Co, Zn, Sn ; 0.2 < d < 0.5) 
[7, 10, 19, 
35] 
1.2f 
ZrSSi (PbFCl) LnX2 (Ln = Y, La  Lu; X = S, Se, Te) [20] 1.2g 
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In addition to these series, several compounds have been reported which adopt structures 
closely related to those mentioned above. SrZnBi2, e. g., crystallizes in space group I4/mmm 
with lattice parameters of a = 4.64(1) Å and c = 21.96(2) Å [36]. The structure is displayed in 
figure 1.3, it contains puckered double sheets (here: Bi/Zn) and planar square layers (Bi) 
separated by layers of Sr atoms. Reported examples in this structure-type are: CeAg1.08P1.90 
[37], LaAuAs2 [32], LaCu1.23(1)As2 [4], UCuP2 [38], and CeCu1.09P1.87 [30]. 
 
 
                      Fig. 1.3: Crystal structure of SrZnBi2. 
 
A number of quaternary pnictide oxides of the rare-earth or actinide metals adopt a structure 
containing two different PbO-like sheets. This atomic arrangement is most prominently found 
in the ZrCuAsSi type (space group P4/nmm, lattice parameters a = 3.773(1) Å; c = 9.571(2) 
Å, figure 1.4, [39]). The ZrCuAsSi can be described as a stuffed PbFCl type. In PbFCl, half of 
the tetrahedral voids are filled, whereas in ZrCuAsSi all tetrahedral voids (Tp) are occupied by 
metal atoms. 
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Fig. 1.4: Crystal structure of ZrCuAsSi. 
 
There are, of course, further compounds with square nets of main group elements, some of 
them will be discussed later for reasons of comparison.  
One main feature of layered compounds hosting square nets is the tendency of the square net 
to distort under symmetry reduction. In several contributions, the nature and extend of 
distortions have been investigated and different patterns of distortion have been predicted 
[40]. To date, four different distortions of layers of pnicogen atoms have been verified 
experimentally.  
Zigzag chains of Sb atoms were found in the structure of SrZnSb2, for example. SrZnSb2 
crystallizes in space group Pnma with lattice parameters of a = 23.05(1) Å, b = 4.37(2) Å and 
c = 4.46(1) Å [41]. Its structure can be derived from the SrZnBi2 type. The SbSb distances in 
the zigzag chains (figure 1.5) are 2.931(1) Å, those between two adjacent chains are 3.322(1) 
Å. For comparison: the distances in elemental Sb are 2.903(1) Å and 3.344(1) Å [42]. Several 
binary and ternary compounds with zigzag chains of main group elements are known, 
including LnAgAs2 [32], ErCuP2 [2], CeSAs [43], SmSAs [43, 44], CeNiSi2 [45], LaNiGe2 
[46], ZrSi2 [47], HoSb2 [48], CaSb2 [49], LnSeAs [50], PdP2 [51], LaP2 [52], LnTeAs [53], 
CeTeSb [54], and LaTeSb [55].  
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Fig. 1.5: Zigzag chains of the Sb atoms in SrZnSb2.  
 
A second kind of distortion is found in GdSP (space group Pcmb, a = 5.401(1) Å; b = 
5.362(1) Å; c = 16.742(2) Å, [40]), which can be described best as a derivative of the ZrSSi 
type. In GdSP the P atoms form planar cis-trans chains (figure 1.6) with PP distances of 
2.252(2) Å and 2.272(2) Å in the chains and 3.222(1) Å between them. The intrachain 
distances are only slightly larger than the distances in white phosphorous: 2.186(1) Å [56]. 
 
 
Fig. 1.6: Cis-trans chains of P atoms in GdSP. 
 
Another kind of distortion yields in the formation of dumb-bells of X atoms. This structural 
pattern has been found for the As atoms in NdSeAs (space group P1121/n, a = 4.035(1) Å; b = 
4.036(2) Å; c = 17.645(1) Å; g = 90.0(1)°, figure 1.7, [50]), The distances in the As-dimers 
are 2.700(1) Å, those between the dimers are 2.858(2) Å. For comparison, the AsAs 
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distances in grey As are 2.44(1) Å [57]. The arrangement of dimers can be thought to be a 
further distortion of either a zigzag chain or cis-trans chain pattern. 
 
 
Fig. 1.7: Dumb-bells of the As atoms in NdSeAs. 
 
The fourth type of distortion is the formation of discrete four-membered rings. This structural 
pattern has been found for the P atoms in the ternary phosphide SmCu1.15P2 (space group 
Cmmm, a = 5.453(3) Å; b = 19.512(1) Å; c = 5.439(3) Å, figure 1.8, [2]). Since the longer P
P distances in the four-membered rings of SmCu1.15P2 are somewhat larger than the sum of 
the covalent radii (2.253(2) Å, [58]), this pattern may alternatively be described as an 
arrangement of dumb-bells, too. CoP3 (space group 3Im , a = 7.707(1) Å, [59]) is another 
example containing four-membered rings. 
 
 
Fig. 1.8: Discrete four squares rings of P atoms in SmCu1.15P2. 
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1.2          Quaternary alkali rare-earth coinage metal chalcogenides 
Since the development of the reactive flux method, a large family of compounds with the 
general formula A/M/T/Q have been synthesized, where A is an alkali metal (K, Rb, Cs); M a 
rare-earth metal; T a transition metal and Q a chalcogen (S, Se, Te). These compounds 
crystallize in a variety of structure-types that include two-dimensional layered structures and 
three-dimensional tunnel structures. In the particular case, where T = Cu or Ag and Q = S or 
Se, three classes of compounds retain our attention. 
KGd2CuS4 (Fig. 1.9, [60]) which belongs to a group of compounds with general composition 
AM2CuQ4, crystallizes in the orthorhombic space group Cmcm with a = 3.992(1) Å, b = 
13.523(3) Å, and c = 13.802(3) Å. 
 
 
Fig. 1.9: Crystal structure of KGd2CuS4. 
 
The second group corresponds to the formulation AM2T3Q5 (T = Cu, Ag). The first compound 
discovered in this series was RbSm2Ag3Se5 (Fig. 1.10 [61]). It also crystallizes in the space 
group Cmcm with a = 4.322(6) Å, b = 15.229(2) Å, and c = 17.420(3) Å.  
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Fig. 1.10: Crystal structure of RbSm2Ag3Se5. 
 
Rb2Gd4Cu4S9 (Fig. 1.11 [62]) is the first example of the third series of compounds, the 
A2M4Cu4Q9 phase. It crystallizes in the monoclinic space group C2/m with a = 13.897(1) Å, b 
= 3.988(3) Å, c = 16.054(1) Å, and b = 109.5(1)°. 
 
 
Fig. 1.11: Crystal structure of Rb2Gd4Cu4S9. 
 
All three classes of compounds form three-dimensional tunnel structures built up from [MQ6] 
octahedra and [TQ4] tetrahedra. In these structures the A atoms are generally coordinated by 
chalcogen atoms to give either a bicapped or monocapped trigonal prisms. 
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1.3          Aims and motivations 
The main goal of the present work is to synthesize some new ternary and quaternary rare-
earth coinage metal arsenides, antimonides and selenides and to determine their compositions 
and crystal structures. Since the structure assignments for a number of compounds LnTAs2 
(Ln = Y, La, Ce  Lu, T = Cu, Ag, Au) has only been done according to their X-ray powder 
diagrams, a reinvestigation of these compounds by single-crystal diffraction methods seems 
advisable. For the first three members of the series LnCu1+dAs2, a non-stoichiometry (d > 0) 
has been reported recently [4]. It should therefore be checked, whether the non-stoichiometry 
persists over the whole series of lanthanide metals or how d may change with Ln. 
From an electronic point of view, all compounds LnTAs2 and LnTSb2 should be prone to a 
distortion of the square nets of X atoms. Since only small shifts of some atoms from the ideal 
positions may occur, single-crystals structure determinations are essential to verify a possible 
distortion.  
Furthermore, investigations of some physical properties of selected compounds should be 
carried out. In undistorted square nets of LnTX2 compounds, metallic conductivity should be 
found, whereas in distorted nets semiconducting behavior is likely. At the beginning of this 
work, no systematic investigations of the conductivity or magnetic behavior of LnTX2 
compounds, have been reported. 
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2             Experimental part 
2.1          Apparatus and techniques 
The preparation of all samples were carried out by reaction of the elements in silica ampoules. 
All ampoules were cleaned first with aqua regia, washed with distilled water thoroughly, 
dried and then heated under dynamic vacuum to remove traces of moisture. All rare-earth 
metals are air and moisture sensitive; therefore all manipulations were carried out in an argon-
filled glove box or at a distributor line, which enables to operate alternatively under vacuum 
and argon. The argon flow was cleaned by blue silica gel and molecular sieve (3Å). The 
vacuum (about 103 mbar) was produced by a rotary valve oil pump (model RV3, Edwards, 
England). A liquid nitrogen-cooling captor was attached between pump and vacuum line, so 
that the pump oil would not be contaminated by gaseous decomposition products and the 
pump oil would not get into the vacuum line. The pressure was measured via a ionisation 
manometer (model AGD, Edwards, Kirchheim, Germany). 
 
2.2          Syntheses  
For syntheses and crystal growth, solid state reactions, flux reactions or chemical transport 
reactions were used. 
 
2.2.1       Solid state reactions 
For the solid state reactions, the respective elements were mixed together and sealed in an 
evacuated silica ampoule and then placed in a furnace LM 312.13 (Linn Elektro Therm, Bad 
Frankenhausen, Germany). 
 
2.2.2       Flux reactions  
The application of salt fluxes as solvents (e. g. LiCl/KCl, LiCl/RbCl) in the synthesis of new 
solid state compounds has witnessed significant development in the last few years. The 
original aspect for using flux was to grow crystals or initiate a reaction at a temperature much 
lower than what is normally used in solid state synthesis. Many salts are high-melting species; 
eutectic combinations of binary salts often have melting points well below the temperatures of 
classical solid state synthesis, making possible their use in the exploration of new chemistry at 
intermediate temperatures. During the flux reaction, slow cooling of the melt is necessary to 
grow crystals. The melting points of some known alkali metal salts are shown below [63]. 
Salts                                              Melting point (°C) 
                                  LiCl                                                       606 
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                                  KCl                                                        774 
                                  LiCl / KCl                                              348 
Purity problems can arise due to incorporation of the alkali metal in the final product. Another 
approach is the use of alkali metal polychalcogenide salts A2Qx (A = K, Rb, Cs; Q = S, Se, 
Te). In this approach, the salts do not only act as solvents, but also as reactants, providing 
species that shall be incorporated into the final product. Polychalcogenide and salt fluxes have 
the added benefit of being soluble in many common polar solvents (e. g. water, ethanol, 
acetone). This allows an easy isolation of products after a reaction. Of course it also requires 
all desired products to be insoluble. 
 
2.2.3       Chemical transport reactions 
Chemical transport reactions are reversible reactions, that enable a compound A to form a 
gaseous species ABn with a transport agent B (e. g. I2, Cl2, CrCl3, SiCl4) at one temperature 
and to form crystals from the gaseous phase at another temperature [64]. 
Equilibrium:  A(s)   +   nB(g)                ABn(g) 
The glass tube containing the reactants A and B is placed in a furnace such that a temperature 
gradient exists inside the tube (fig. 2.1). 
 
 
Fig. 2.1: Principle of crystal growth by transport reaction. 
 
Whether 21 TT ®  or 12 TT ®  depends on the thermo-chemical equilibrium of the reaction. 
The equilibrium constant K is defined by: 
                            2RT
H
    
T
lnK
    
RT
G
    K  ln
°
=
¶
¶
=
°
-= , 
where G° is the standard free enthalpy of formation and H° is the enthalpy variation of the 
reaction. If the formation of ABn is endothermic (H° > 0), the transport proceeds from 
higher to lower temperatures 12 TT ® . If the formation of ABn is exothermic (H° < 0), ABn 
will form at lower temperatures and decompose at higher temperatures 21 TT ® . 
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2.3          X-ray investigations  
X-ray powder diffraction has been used for phase analyses, for the calculation of lattice 
parameters and to determine the purity of the reaction products. Crystal structures have been 
determined from single-crystal X-ray data.  
 
2.3.1       X-ray powder diffraction 
X-ray powder investigations have been performed on a STOE Stadi P diffractometer using a 
curved Ge(111) monochromatized Cu(Ka1) radiation (l = 1.540598 Å, transmission 
technique, Si as external standard), at room temperature. Relative intensities and Bragg 
positions (2q) of each reflection were measured by a position sensitive detector (PSD). Two 
different types of PSDs were available: a linear PSD with an active angular range of about 6° 
and a resolution of D(2q) = 0.06° and a curved PSD with an active angular range of about 35° 
and a resolution of D(2q) = 0.15°  0.20°. The measurement have been done in the range 2 = 
5  100° for 1 to 13h. Measurements, as well as peak search, indexing, cell refinement, 
calculations of theoretical patterns and identification of the samples with the Powder 
Diffraction File (PDF) [65] were carried out with the programs of the STOE WinXPow 
package [P1]. 
 
2.3.2       Single-crystal X-ray diffraction 
2.3.2.1    The Buerger precession method 
Precession cameras were used to check the crystal quality and to determine the symmetry and 
dimensions of the reciprocal lattice. This method, introduced by Martin J. Buerger in 1942 
[66], enables an undistorted representation of the planes of the reciprocal lattice. This, in turn, 
enables to determine the unit cell, Laue class and reflection conditions rapidly. The reflections 
were recorded on an imaging plate. The information on the image plate were extracted with a 
scanner (FUJI BAS-2500) and evaluated with the software packages Basreader 3.01 and 
AIDA 2.2 [P2]. 
 
2.3.2.2    Single-crystal X-ray data collection  
X-ray data collections on single-crystals are performed on the following machines: CAD4 
Four-Circle-Diffractometer (Enraf  Nonius, Delft, The Netherlands), IPDS-I or IPDS-II 
(Imaging Plate Diffraction System, STOE & Cie, Darmstadt, Germany). All diffractometers 
operate with graphite-monochromated MoK radiation. 
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To study a crystal on the CAD4 diffractometer the following steps are done: The crystal is 
mounted on a goniometer head, placed on the diffractometer and centered. A random search 
for diffraction spots is carried out. From 25 reflections collected, the orientation matrix and 
the unit cell dimensions are determined. From these informations the positions of possible 
Bragg reflections are calculated. The intensities of several thousand reflections are recorded in 
the reciprocal sphere up to  » 40°. During data reduction with the help of the program 
XCAD4 [P3], background, Lorentz and polarization corrections are carried out. The empirical 
absorption correction is done on the basis of -scan data. 
On the IPDS-I and the IPDS-II diffractometers, the crystal is mounted on the diffractometer 
and adjusted optically. In a first step, a total number of about 10 images are recorded which 
allow the determination of the lattice constants. The entire data set is collected with a suitable 
phi or omega increment (f, w), an exposure time and the detector distance estimated from 
the lattice parameters and reflections intensities. A CCD video camera and the FACE-IT 
video software [P4] allow the precise determination of the crystal size and shape for the 
numerical absorption correction. The crystal shape is refined with the program X-SHAPE 
[P5] using sets of equivalent reflections extracted from the data set. Absorption correction has 
been applied numerically with the program X-RED [P6] for all IPDS data sets. 
After collecting the data, the space group is determined based on the respective reflection 
conditions. The internal residual values Rint and Rs provide information about the quality of 
the data and are defined as followed: 
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where               n: number of the symmetry-dependent reflections, 
                        2oF : square of the observed structure amplitude, 
                        ( )2oFs : standard deviation of 2oF . 
 
2.3.2.3    Structure solution and refinement 
Structure solution 
Structure solutions have been performed by Patterson or Direct Methods using the program 
SHELXS [P7]. In some cases, atomic positions of isostructural compounds have been used to 
generate an initial model for the structure refinement. 
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Structure refinement 
The structures of all but one compound presented in the following have been refined by full-
matrix least-squares methods with the program SHELXL-97 [P8]. Some parameters used to 
express the quality of the resulting refinement are R1, 2wR  and the Goodness of Fit (GooF) 
which are defined as: 
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Fo = observed structure factor, 
Fc = calculated structure factor, 
n = number of reflections, 
p = number of refined parameters, 
s = standard deviation, 
w = weighting parameter, usually based on the counting statistics of 
       the intensities Ihkl: 
w ( ) ( )[ ] 122o2 bPaPF
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For the refinement of the structure of Gd3CuSe6 (cf. chapter 3.7) the program JANA2000 [P9] 
has been used. The respective quality parameters are defined in the same way as for 
SHELXL. The weighting scheme in JANA2000 takes the form: 
w ( ) ( )[ ] 12o2o2 FaF
-
+s=  
 
2.4         Twinning 
2.4.1      Definition 
According to Giacovazzo [67], twinned crystals are regular aggregates consisting of crystals 
of the same species joined together in some definite mutual orientation. For the description of 
a twin two things are necessary: a description of the orientation of the different species 
relative to each other (the twin law) and the fractional contribution to each other. The twin 
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law can be expressed as a matrix, which transforms the lattice vectors and the hkl indices of 
one species into those of the other. 
Twins are classified fundamentally based on their reciprocal lattices. Those twins which have 
components that contribute to each point of the observed reciprocal lattice are known as TLS 
twins (twin-lattice symmetry), and those twins which the reciprocal lattices do not exactly 
overlap (i.e. some points of the observed reciprocal lattice contain contributions from only 
one component) are known as TLQS twins (twin-lattice quasi-symmetry).  
The types of TLS twinning are: 
a) Twinning by merohedry: the twin law is a symmetry operator of the crystal system, but not 
of the point group of the crystal. The exact superimposition of the twin domains means that 
only one diffraction pattern is obtained. Two different cases are possible: 
i) Racemic twinning (the twin operator belongs to the Laue class of the untwinned crystal). 
Racemic twins occur only in the 21 non-centrosymmetric crystal classes and can be treated as 
inversion twins. The intensities of a twinned sample are almost not affected and structure 
determination is not hampered. 
ii) Twinning such that the twin operator is part of the symmetry of a lattice point (holohedry) 
which does not belong to the Laue class of the crystal (only possible in the trigonal, 
tetragonal, hexagonal, and cubic crystal systems). When the domains have similar scattering 
contributions, the intensities of the reciprocal lattice are affected, and space group 
determination and structure solution may be difficult. 
b) Pseudo-merohedral twinning: The twinning operator belongs to a higher crystal system 
than the structure (i.e. two reflections that are not related by Laue symmetry will contribute to 
a single observation). 
TLQS twins have multiple diffraction patterns so that not every reflection is affected by 
twinning. Structure solution is possible by using the set of reflections belonging to one of the 
domains. The types of TLQS twins are: 
a) Twinning by reticular merohedry: The reciprocal lattices of the different twin domains 
again superimpose exactly, but the systematically absent reflections for one domain are 
present for the others and vice versa. Structure solution should be possible if there are enough 
reflections present from one domain. 
b) Twinning by non-merohedry: The twin operator is arbitrary and some reflections overlap. 
Given enough reflections are from one single domain, structure solution is possible using just 
these reflections. 
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2.4.2       Refinement of twinned structures 
The refinement of twinned structures is possible using the programs SHELXL [P8] and 
JANA2000 [P9]. The respective ( 2cF ) values are calculated by the equation: 
( ) 
=
+-=
n
2m
2
mc,m
2
c,1m
*2
c Fk)Fk(1F  
where                       km = fractional contribution of twin domain m, 
Fc,m = calculated structure factor of twin domain m, 
n = number of twin domains and 
                                *cF = calculated structure factor of all twins domain. 
The sum of the fractional contribution km must be unity, so (n  1) of them can be refined. 
 
2.5          Analytical characterization 
2.5.1       Energy dispersive X-ray analyses (EDX) 
The composition of crystals of all compounds were checked using energy dispersive X-ray 
analyses (EDX). A scanning electron microscope (digital scanning microscope Zeiss Gemini 
982), equipped with a micro-analyser (Noram Voyager) was used. This technique is able to 
detect all elements with atomic numbers equal to or greater than 10. The accuracy of 
quantitative analysis proved to be between 3% and 5% depending on the element. But this 
technique is not sensitive enough to measure low concentrations such as of trace elements 
(about 0.1%). 
 
2.6          Measurement of physical properties 
The measurement of electrical resistivity, magnetic susceptibility and heat capacity of powder 
pellets of LnCuAs2 (Ln = Y, Pr, Nd, Sm, Gd  Lu) have been done in cooperation with the 
group of Professor E. V. Sampathkumaran (TATA Institute of Fundamental Research, 
department of condensed matter physics and materials sciences, Mumbai, India). 
The magnetic measurements were performed in the range of 1.8  300 K employing two 
commercial magnetometers: a vibrating sample magnetometer (Oxford Instruments) and a 
superconducting quantum interference device (Quantum Design). The resistivity 
measurements (1.8  300 K) were obtained by a conventional four-probe method. The data 
was also collected as a function of magnetic-field (H) at selected temperatures. Measurements 
of the heat capacity (cp) were carried out by a semi-adiabatic heat-pulse method in the range 
from 1.8  40 K.  
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The resistivity measurements (4  350 K) of powder pellets of PrAgAs2 and CeAgAs2 (van-
der-Pauw method [68]) have been performed by Dr. W. Schnelle at the Max Planck Institute 
for chemical physics of solids, Dresden. 
The magnetization of CeAgAs2 was measured in external fields between 100 Oe and 70 kOe 
from 1.8 K to 400 K in a SQUID magnetometer (MPMS XL7, Quantum Design). 
 
2.7          Band structure calculations 
The electronic structure were calculated by the Linear Muffin-Tin Orbital (LMTO) method in 
the atomic spheres approximation (ASA) using the tight-binding program TB  LMTO ASA 
[P10]. In order to calculate the partial waves, the radial scalar-relativistic Dirac equation was 
solved. For the reduction the overlapping of the ASA enlarged atmosphere empty spheres 
were inserted in the interstices. The Crystal Orbital Hamiltonian Population (COHP) [69] 
were used for analyses of the chemical bonding. The COHP(E) diagram and the integrated 
COHP (ICOHP) were calculated using the additional module [P11] to the standard program.  
The basis set consisted of the valence electrons 6s, 5d and 4f for Ln (La, Ce, Pr, Nd, Tb, Ho); 
5s, 5p and 4d for T (Cu, Ag, Au); 4s and 4p for As. The k-space integration was performed 
using the tetrahedron method [70]. 
 
2.8          List of chemical products and computer programs used 
2.8.1       List of chemical products 
 
Table 2.1: List of chemical products. 
 
substance form purity (%) company 
Argon gas 99.996 Messer- Griesheim, Krefeld, Germany 
Lanthanum powder 99.9 Chempur GmbH, Karlsruhe, Germany 
Cerium ingots 99.9 Chempur GmbH, Karlsruhe, Germany 
Praseodymium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Neodymium chips 99.9 Strem/ABCR, Karlruhe, Germany 
Samarium chips 99.9 Strem/ABCR, Karlsruhe, Germany 
Gadolinium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Terbium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Dysprosium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Holmium chips 99.9 Chempur GmbH, Karlsruhe, Germany 
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Erbium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Thulium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Ytterbium chips 99.9 Strem/ABCR, Karlruhe, Germany 
Lutetium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Yttrium powder 99.9 Strem/ABCR, Karlruhe, Germany 
Arsenic powder 99.9999+ Aldrich Chem. Co., Steinheim, Germany 
Copper powder 99.9 Strem/ABCR, Karlruhe, Germany 
Silver powder 99.9 Chempur GmbH, Karlsruhe, Germany 
Gold powder 99.9 Chempur GmbH, Karlsruhe, Germany 
Selenium powder 99.9 Chempur GmbH, Karlsruhe, Germany 
LiCl powder 99.9 Merck GmbH, Darmstadt, Germany 
KCl powder 99.9 Merck GmbH, Darmstadt, Germany 
Iodine powder 99.99 Aldrich Chem. Co., Steinheim, Germany 
Hydrochloric acid, 37 % liquid p. A. Merck GmbH, Darmstadt, Germany 
Nitric acid, 68 % liquid p. A. Merck GmbH, Darmstadt, Germany 
 
2.8.2       List of computer programs 
 
[P1] WinXPow: Powder diffraction software for data collection and data evaluation,  
STOE & Cie., Darmstadt, Germany, 1999. 
[P2] a) Basreader 3.01: 
 
 
        b) AIDA 2.2: 
Control Software for FujiFilm BAS and FLA Scanners, FUJI, 
Tokio (2000), 
Program associated with Basreader 3.01 for the exploration of 
scanned data, FUJI, Tokyo 1999. 
[P3] XCAD4PC: Program for Data Reduction and LP-Correction of CAD4 data, K.  
Harms, University of Marburg, Germany, 1996. 
[P4] FACE-IT VIDEO: Program for crystal description, STOE & Cie., Darmstadt, 
Germany 1997.  
[P5] X-SHAPE: Crystal Optimisation for Numerical Absorption Correction, STOE &   
Cie, Darmstadt, Germany 1998. 
[P6] X-RED: STOE Data Reduction Program, STOE & Cie., Darmstadt, Germany,  
2001. 
[P7] SHELXS-97: Program for Solution of Crystal Structures, G. M. Sheldrick,  
University of Göttingen, Germany 1997. 
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[P8] SHELXL-97: Program for Crystal Structure Refinement, G. M. Sheldrick, 
University of Göttingen, Germany, 1997. 
[P9] JANA2000 The Crystallographic Computing System JANA2000, V. Petricek, 
M. Dusek, Institute of physics, Praha, Czech Republic. 
[P10] TB  LMTO 
ASA 
Tight binding LMTO-ASA Program, G. Krier, O. Jepsen, A. 
Burkhard, O. K. Andersen, Version 4.7, Stuttgart, Germany, 1998. 
[P11] TB  LMTO 
ASA 
Supplement to the LMTO-ASA-Program, F. Boucher, O. Jepsen, O. 
K. Andersen, Version 4.7, Stuttgart, Germany. 
[P12] DIAMOND 2.1: Visual information system for crystal structures, K. Brandenburg, G. 
Bergerhoff, Bonn, Germany, 1999.  
[P13] ORIGIN 5.0: Scientific Graphing and Data Analysis Program, Software Microcal  
Software, Inc., Northampton, MA, USA, 1998.  
 
 
2.9          General remarks on tables, figures and atom designations 
For all compounds described here, powder diffraction data, the coefficients Uij of the tensor of 
the anisotropic displacement factor, and details concerning data collections as well as 
refinement parameters are listed in the appendix. 
The form of the anisotropic displacement parameter is given as: 
exp [2p2 (U11h
2
a*2 + U22k
2
b*2 + U33l
2
c*2 + 2U12hka*b*cosg* + 2U13hla*c*cosb* + 2U23klb*c*cosa*)] 
where a*, b* and c* are the reciprocal lattice parameters. 
The equivalent isotropic displacement parameters Ueq is defined as one-third of the trace of 
the orthogonalized Uij tensor. 
Ueq ·cos**..........*(
3
1
23
22
11 bccbUaaU ++=  
All interatomic distances are given in (Å) and all angles in degrees (°). 
In all structure images rare-earth atoms are represented with black color; atoms of group 15 
and 16 (arsenic, selenium and other) with medium grey color; copper, silver, and gold atoms 
with white color; potassium and oxygen atoms with light grey color. The representation of the 
crystal structures and the coordination polyhedra were made with the program Diamond 
[P12], all atoms are usually represented as thermal ellipsoid with 99% probability. In images 
representing small sections of the crystal structure, e. g. to visualize the coordination 
polyhedra, an arbitrary direction for projection has been chosen. 
The graphical representation of r, cp, and c versus T have been made with the program 
ORIGIN 5.0 [P13]. 
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3             Results and discussion 
3.1 Ternary rare-earth copper arsenides LnCu1+dAs2  
               (Ln = Y, La  Nd, Sm, Gd  Lu) 
In 1995, Brylak, Möller and Jeitschko reported the syntheses of the stoichiometric 
compound LnCuAs2 (Ln = Y, La  Nd, Sm, Gd  Lu) [3]. According to X-ray powder 
investigations, the compounds were given in the tetragonal space group P4/nmm (No. 
129) with lattice parameters of about a  »  4 Å, c  »  10 Å, and two formula units per unit 
cell. In 1999, Wang, McDonald and Mar proved on single-crystals, that for the first three 
members of the series LnCu1+dAs2, (Ln = La, Ce, Pr) d is greater than zero. For 
CeCu1.10(1)As2 and PrCu1.09(1)As2 the space group P4/nmm (a »  4 Å, c »  10 Å) was 
confirmed, whereas for LaCu1.23(1)As2, the space group I4/mmm (No. 139) and the lattice 
parameters a = 4.091(4) Å, c = 20.243(3) Å, and Z = 4 were found [4]. 
We investigated single-crystals of further compounds of this type to check whether the 
copper amount varies continuously depending on the lanthanide metal Ln. Beyond that, 
we were interested in the conductivity and magnetic properties of the compounds. 
 
3.1.1       Syntheses 
Powder samples were synthesized by annealing powders of the elements at 900°C.  
Different mixtures of Ln, Cu and As corresponding to the ratios Ln : Cu : As = 1 : (1+d) : 
2 (d = 0, 0.11, 0.25, 0.5, 0.6, 0.9) were loaded in silica ampoules. The samples were 
slowly heated to 500°C for 2 days and subsequently annealed for 10 days at 900°C, 
followed by cooling at the rate of 100°C/h. The silica tube were opened in air and the 
obtained product were well crystallized with silvery color and metallic luster. Unreacted 
free Cu was not detected in the samples prepared by solid state reactions.  
Since sintering of all powder samples did not yield crystals suitable for X-ray analysis, 
the flux method was used for crystal growth. The mixtures with the nominal composition 
Ln1.0Cu1.5As2.0 were filled in quartz ampoules together with a 10-fold excess of LiCl/KCl 
(1:1) as flux material. LiCl and KCl were dried by heating under dynamic vacuum prior 
to use. The samples were heated to 850°C (heating ratio 1°C/min), kept at this 
temperature for 7 days, slowly cooled to room temperature (0.05°C/min) and opened. The 
flux was removed with water and the reaction products were washed with ethanol. Air 
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stable, silvery-grey metallic platelets with sizes up to 0.4 mm were found under these 
conditions. Due to the differences of the copper amount in the initial mixture and the final 
products, some unreacted copper was always detected by X-ray powder measurements 
for the flux products. The initial composition does not represent the actual composition.  
 
3.1.2       X-ray investigations 
3.1.2.1    X-ray powder analyses 
The powder patterns of the samples agree well with those that have been calculated on 
the basis of the single-crystal structure determinations. Notice, that the experimental 
powder diagram of LaCu1.25(1)As2 is significantly different from that of the other 
compounds. Figure 3.1.1 gives the observed and calculated powder diagrams of 
LaCu1.25(1)As2 and CeCu1.11(1)As2 as examples; those of the other compounds are listed in 
the appendix.  
 
 
 
 
Fig. 3.1.1: Experimental and calculated powder diagram of LaCu1.25(1)As2 and 
CeCu1.11(1)As2.  
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Neither peak splitting or broadening indicating possible low symmetric distortions, nor 
superstructure reflections have been observed in the powder diagrams. The unit cell 
volumes of the samples (table 3.1.1) match very well with those from our single-crystal 
measurements although the copper content of our LaCu1.25(1)As2 and CeCu1.11(1)As2 
differs slightly from that given in ref. [4]. 
 
Table 3.1.1: Cell parameters for LnCu1+ As2 (Ln = Y, La  Nd, Sm, Gd  Lu) from  
                     X-ray powder data. 
compounds a (Å) c (Å) V (Å3) 
LaCu1.25(1)As2 * 4.100(1) 20.231(1) 340.08(1) 
CeCu1.11(1)As2 * 4.035(1) 10.072(1) 163.98(3) 
PrCu1.09(1)As2 * 4.008(1) 10.049(3) 161.43(4) 
NdCu1.06(1)As2 * 3.979(1) 10.025(4) 158.72(1) 
SmCu1.05(1)As2 * 3.951(1) 9.954(5) 155.38(1) 
GdCuAs2 3.917(1) 9.939(4) 152.49(1) 
TbCuAs2 3.902(6) 9.900(3) 150.75(4) 
DyCuAs2 3.890(1) 9.861(4) 149.21(5) 
YCuAs2 3.875(1) 9.850(1) 147.91(3) 
HoCuAs2 3.868(1) 9.820(1) 146.92(5) 
ErCuAs2 3.865(1) 9.805(3) 146.46(1) 
TmCuAs2 3.859(1) 9.780(5) 145.64(1) 
YbCuAs2 3.856(1) 9.761(3) 145.13(3) 
LuCuAs2 3.845(1) 9.760(4) 144.29(1) 
  * compositions from single-crystal analyses (see below). 
 
3.1.2.2    Energy dispersive X-ray analyses 
The analyses of at least two crystals from each sample showed that for LnCu1+dAs2 (Ln = 
La, Ce, Nd, Sm) the Cu/As ratio clearly indicated excess copper independent of the 
amount of Cu loaded. This result agrees well with the results of the single-crystal 
structure refinement. Since the excess of copper (d) is quite small for the other 
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compounds, it is not astonishing that it was not detected by X-ray powder analyses. No 
detectable impurities of flux or other elements were found in the crystals. 
 
3.1.2.3    X-ray single-crystal structure determinations 
Precession photographs of single-crystals of all compounds mentioned in table 3.1.1 were 
recorded. For CeCu1.11(1)As2, NdCu1.06(1)As2, SmCu1.05(1)As2, and LnCuAs2 (Ln = Y, Tb  
Lu) layer records hk0, hk1, h0l, and h1l exhibited Laue class 4/mmm and the reflection 
conditions hk0: h+k = 2n lead to space group P4/nmm (No. 129). Precession records of 
LaCu1.25(1)As2 revealed a doubled c axis compared to the other compounds. Laue class 
4/mmm and the reflection conditions hkl: h+k+l = 2n are consistent with the space 
groups I422, I4mm, I 4 2m, I 4 m2, and I4/mmm in this case. The latter has been found to 
be the correct choice on the basis of the successful structure refinement and in accordance 
with [4]. Afterwards, the crystals were mounted on a four-circle or IPDS diffractometer 
and complete data sets were recorded. For CeCu1.11(1)As2, NdCu1.06(1)As2, SmCu1.05(1)As2, 
and LnCuAs2 (Ln = Y, Tb  Lu) the structure solutions and refinements were carried out 
in space group P4/nmm taking the atomic positions for Ln, Cu(1), As(1), and As(2) from 
[4] as start model. The refinement of the structure of LaCu1.25(1)As2 was carried out in 
space group I4/mmm (No. 139) with atomic positions for La, As(1), As(2), and Cu(1) 
again reported in [4]. Given the consistently higher percentage of the Cu atoms observed 
in the EDX analyses relative to the ideal formula LnCuAs2 (Ln = Y, Tb  Lu), a second 
Cu atom found during the refinements (Cu(2)) was introduced due to additional electron 
density. With the second Cu(2) site the refinement yielded a smoother difference Fourier 
map and lower R-values. The atomic coordinates and site occupancy factors (s.o.f.) of 
Cu(2) atom were allowed to refine, restraining the anisotropic displacement parameters to 
the respective values of those of Cu(1) (both sites 2b and 2c have the same restrictions for 
the anisotropic displacement parameters). For SmCu1.05(1)As2, Cu(2) could only be 
refined isotropically. Selected crystal data and refinement parameters for LnCu1+As2 (Ln 
= Y, La, Ce, Nd, Sm, Tb  Lu) are given in table 3.1.2. Atomic coordinates, site 
occupancies, and equivalent isotropic displacement parameters U(eq) (Å2 · 104) are found 
in table 3.1.3. Interatomic distances are presented in table 3.1.4. 
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Table 3.1.2: Selected crystal data and refinement parameters for LnCu1+As2  
                      (Ln = La, Ce, Nd, Sm, Tb  Lu) at 293(2) K. 
 
formula LaCu1.25(1)As2 CeCu1.11(1)As2 NdCu1.06(1)As2 
crystal system tetragonal tetragonal tetragonal 
space group I4/mmm (No. 139) P4/nmm (No. 129) P4/nmm (No. 129) 
a   [Å] 4.096(1) 4.028(1) 3.979(1) 
c   [Å] 20.224(4) 10.059(2) 10.016(2) 
V  [Å3] 339.3(1) 163.2(1) 158.6(1) 
Z 4 2 2 
Rint 0.038 0.047 0.046 
R1 0.020 0.016 0.019 
wR2 (all data) 0.054 0.037 0.044 
goodness-of-fit 1.16 1.15 1.09 
 
 
formula SmCu1.05(1)As2 TbCuAs2 DyCuAs2 
crystal system tetragonal tetragonal tetragonal 
space group P4/nmm (No. 129) P4/nmm (No. 129) P4/nmm (No. 129) 
a   [Å] 3.944(1) 3.901(1) 3.884(1) 
c   [Å] 9.944(2) 9.901(2) 9.847(2) 
V  [Å3] 154.7(1) 150.7(1) 148.6(1) 
Z 2 2 2 
Rint 0.051 0.077 0.088 
R1 0.014 0.024 0.031 
wR2 (all data) 0.027 0.054 0.065 
goodness-of-fit 1.16 1.05 1.12 
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formula HoCuAs2 ErCuAs2 TmCuAs2 
crystal system tetragonal tetragonal tetragonal 
space group P4/nmm (No. 129) P4/nmm (No. 129) P4/nmm (No. 129) 
a   [Å] 3.868(1) 3.865(1) 3.854(1) 
c   [Å] 9.804(2) 9.802(2) 9.778(2) 
V  [Å3] 146.7(1) 146.4(1) 145.2(1) 
Z 2 2 2 
Rint 0.060 0.058 0.058 
R1 0.014 0.031 0.028 
wR2 (all data) 0.029 0.068 0.065 
goodness-of-fit 1.16 1.25 1.08 
 
 
formula YbCuAs2 LuCuAs2 YCuAs2 
crystal system tetragonal tetragonal tetragonal 
space group P4/nmm (No. 129) P4/nmm (No. 129) P4/nmm (No. 129) 
a   [Å] 3.842(1) 3.842(1) 3.888(1) 
c   [Å] 9.743(2) 9.762(2) 9.881(2) 
V  [Å3] 143.8(1) 144.1(1) 149.4(1) 
Z 2 2 2 
Rint 0.062 0.096 0.088 
R1 0.021 0.030 0.031 
wR2 (all data) 0.057 0.078 0.062 
goodness-of-fit 1.16 1.22 1.17 
 
Table 3.1.3: Atomic coordinates, site occupancies, and equivalent isotropic displacement  
                  parameters U(eq) (Å2 · 104) for LnCu1+As2 (Ln = Y, La, Ce, Nd, Sm, Tb  Lu). 
 
atom site occupancy x y z U(eq) 
La 4e 1 0 0 0.3786(1) 76(1) 
Cu(1) 4d 1 0 1/2 1/4 120(1) 
Cu(2) 4e 0.034(1) 0 0 0.0600(3) 120(1) 
As(1) 4c 1 0 1/2 0 220(1) 
As(2) 4e 1 0 0 0.1744(1) 75(1) 
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atom site occupancy x y z U(eq) 
Ce 2c 1 1/4 1/4 0.2418(1) 80(1) 
Cu(1) 2b 1 3/4 1/4 1/2 110(1) 
Cu(2) 2c 0.016(1) 3/4 3/4 0.1125(1) 200(2) 
As(1) 2a 1 3/4 1/4 0 210(1) 
As(2) 2c 1 1/4 1/4 0.6495(1) 80(1) 
 
 
atom site occupancy x y z U(eq) 
Nd 2c 1 1/4 1/4 0.2411(1) 77(1) 
Cu(1) 2b 1 3/4 1/4 1/2 112(1) 
Cu(2) 2c 0.079(1) 3/4 3/4 0.1137(1) 110(2) 
As(1) 2a 1 3/4 1/4 0 186(1) 
As(2) 2c 1 1/4 1/4 0.6524(1) 80(1) 
 
 
atom site occupancy x y z U(eq) 
Sm 2c 1 1/4 1/4 0.2401(1) 72(1) 
Cu(1) 2b 1 3/4 1/4 1/2 111(1) 
Cu(2) 2c 0.064(1) 3/4 3/4 0.1166(1) 130(3) 
As(1) 2a 1 3/4 1/4 0 160(1) 
As(2) 2c 1 1/4 1/4 0.6554(1) 80(1) 
 
 
atom site occupancy x y z U(eq) 
Tb 2c 1 1/4 1/4 0.2380(2) 54(5) 
Cu 2b 1 3/4 1/4 1/2 72(4) 
As(1) 2a 1 3/4 1/4 0 94(6) 
As(2) 2c 1 3/4 3/4 0.3401(3) 57(7) 
 
 
atom site occupancy x y z U(eq) 
Dy 2c 1 1/4 1/4 0.2376(1) 66(4) 
Cu 2b 1 3/4 1/4 1/2 105(7) 
As(1) 2a 1 3/4 1/4 0 108(6) 
As(2) 2c 1 3/4 3/4 0.3401(3) 70(5) 
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atom site occupancy x y z U(eq) 
Y 2c 1 1/4 1/4 0.2376(2) 85(4) 
Cu 2b 1 3/4 1/4 1/2 116(4) 
As(1) 2a 1 3/4 1/4 0 128(5) 
As(2) 2c 1 3/4 3/4 0.3391(2) 83(5) 
 
 
atom site occupancy x y z U(eq) 
Ho 2c 1 1/4 1/4 0.2371(1) 72(1) 
Cu 2b 1 3/4 1/4 1/2 98(4) 
As(1) 2a 1 3/4 1/4 0 98(3) 
As(2) 2c 1 3/4 3/4 0.3378(1) 63(3) 
 
 
atom site occupancy x y z U(eq) 
Er 2c 1 1/4 1/4 0.2368(1) 83(5) 
Cu 2b 1 3/4 1/4 1/2 111(6) 
As(1) 2a 1 3/4 1/4 0 111(6) 
As(2) 2c 1 3/4 3/4 0.3368(2) 79(6) 
 
 
atom site occupancy x y z U(eq) 
Tm 2c 1 1/4 1/4 0.2365(2) 82(1) 
Cu 2b 1 3/4 1/4 1/2 120(1) 
As(1) 2a 1 3/4 1/4 0 112(1) 
As(2) 2c 1 3/4 3/4 0.3357(2) 72(1) 
 
 
atom site occupancy x y z U(eq) 
Yb 2c 1 1/4 1/4 0.2362(1) 73(3) 
Cu 2b 1 3/4 1/4 1/2 11(1) 
As(1) 2a 1 3/4 1/4 0 100(1) 
As(2) 2c 1 3/4 3/4 0.3349(1) 80(1) 
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atom site occupancy x y z U(eq) 
Lu 2c 1 1/4 1/4 0.2358(1) 118(4) 
Cu 2b 1 3/4 1/4 1/2 150(7) 
As(1) 2a 1 3/4 1/4 0 135(6) 
As(2) 2c 1 3/4 3/4 0.3342(2) 113(6) 
 
Table 3.1.4: Interatomic distances for LnCu1+dAs2 (Å). 
a) LaCu1.25(1)As2 
Symmetry operations: 
(i) 0.5x, 0.5y, 0.5z; (ii) 0.5x, 0.5y, 0.5z; (iii) 0.5x, 0.5y, 0.5z; (iv) 0.5x, 
0.5y, 0.5z; (v) 0.5y, 0.5+x, 0.5+z; (vi) 0.5+x, 0.5+y, 0.5+z; (vii) 0.5y, 0.5+x, 0.5+z; 
(viii) 0.5+x, 0.5+y, 0.5+z; (ix) x, 1+y, z; (x) 0.5x, 1.5y, 0.5z; (xi) 0.5x, 1.5y, 0.5
z; (xii) y, x, z; (xiii) x, 1+y, z; (xiv) 1y, x, z; (xv) x, y, z; (xvi) x, 1y, z; (xvii) 1
y, 1+x, z; (xviii) y, 1+x, z; (xix) 0.5+x, 0.5+y, 0.5+z; (xx) 0.5+x, 0.5+y, 0.5+z; 
 
La  As(2i, 2ii, 2iii, 2iv)      3.110(1) 
La  Cu(2i, 2ii, 2iii, 2iv)      3.151(2) 
La  As(1v, 1vi, 1vii, 1viii)   3.197(1) 
Cu(1)  As(2, 2ii, 2iii, 2ix)   2.520(1) 
Cu(1)  Cu(1ii, 1iii, 1x, 1xi) 2.896(1) 
Cu(1)  La(ii, iii, ix) 3.310(1) 
Cu(1)  La 3.315(2) 
Cu(2)  As(2) 2.375(2) 
Cu(2)  As(1, 1xii, 1xiii, 1xiv)  2.380(3) 
Cu(2)  Cu(2xv) 2.427(1) 
Cu(2)  La(i, ii, iii, iv)  3.151(2) 
As(1)  Cu(2, 2ix, 2xv, 2xvi)     2.380(3) 
As(1)  As(1xii, 1xiv, 1xvii, 1xviii)   2.896(1) 
As(1)  La(ii, iii, xix, xx)  3.197(1) 
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As(2)  Cu(1, 1xii, 1xiii, 1xiv)  2.520(1) 
As(2)  La(i, ii, iii, iv) 3.110(1) 
 
b) CeCu1.11(1)As2, NdCu1.06(1)As2, and SmCu1.05(1)As2 
Symmetry operations: 
(i) 0.5+x, y, 1z; (ii) 0.5+x, 1y, 1z; (iii) 0.5+x, y, 1z; (iv) 0.5+x, 1y, 1z; (v) x, 
y, z; (vi) 0.5y, 1+x, z; (vii) x, 1y, z; (viii) 0.5y, x, z; (ix) 1+x, y, z; (x) 1+x, y, z; 
(xi) 1.5y, 1+x, z; (xii) 1.5y, x, z; (xiii) x, y, 1+z; (xiv) 0.5+x, 1y, z; (xv) 0.5+x, y, 
z; (xvi) x, y, 1+z. 
 
 CeCu1.11(1)As2  NdCu1.06(1)As2  SmCu1.05(1)As2 
Ln  As(2i, 2ii, 2iii, 2iv)    3.051(1)  3.009(1)  2.976(1) 
Ln  Cu(2v, 2vi, 2vii, 2viii)   3.131(5)  3.090(5)  3.047(3) 
Ln  As(1, 1vi, 1viii, 1ix)   3.157(1)  3.128(1)  3.097(1) 
Cu(1)  As(2, 2i, 2iv, 2x)   2.513(1)  2.508(1)  2.506(1) 
Cu(1)  Cu(1vi, 1viii, 1xi, 1xii)  2.848(1)  2.814(1)  2.789(1) 
Cu(1)  Ln(i, iv, x)  3.287(1)  3.269(1)  3.251(1) 
Cu(1)  Ln 3.287(1)  3.269(1)  3.251(1) 
Cu(2)  As(1, 1vi, 1viii, 1ix) 2.310(6)  2.291(6)  2.288(4) 
Cu(2)  As(2xiii) 2.396(1)  2.344(1)  2.266(1) 
Cu(2)  Ln(v, vi, vii, viii) 3.131(5)  3.090(5)  3.047(3) 
Cu(2)  Ln 3.562(1)  3.551(1)  3.548(1) 
As(1)  Cu(2vi, 2viii, 2x)  2.310(6)  2.291(6)  2.288(4) 
As(1)  As(1vi, 1viii, 1xi, 1xii) 2.848(1)  2.814(1)  2.789(1) 
As(1)  Ln(x, xiv, xv) 3.157(1)  3.128(1)  3.097(1) 
As(2)  Cu(2xvi) 2.396(1)  2.344(1)  2.266(1) 
As(2)  Cu(1, 1vi, 1viii, 1ix) 2.513(1)  2.508(1)  2.506(1) 
As(2)  Ln(i, ii, iii, iv)    3.051(1)  3.009(1)  2.976(1) 
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c) TbCuAs2, DyCuAs2, YCuAs2, HoCuAs2, ErCuAs2, TmCuAs2, YbCuAs2 and LuCuAs2 
Symmetry operations: 
(i) 1+x, 1+y, z; (ii) x, 1+y, z; (iii) 1+x, y, z; (iv) x, y, z; (v) x, 1y, z; (vi) x, 1y, 1
z; (vii) x, y, 1z; (viii) 1x, y, z; (ix) 1x, 1y, z; (x) 1+x, y, z; (xi) 1x, y, 1z; 
(xii) x, 1+y, z; (xiii) 1+x, 1+y, z; (xiv) 1x, 1y, 1z. 
 
 TbCuAs2  DyCuAs2  YCuAs2 
Ln  As(2, 2i, 2ii, 2iii)  2.939(1)  2.922(1)  2.920(1) 
Ln  As(1, 1iii, 1iv, 1v) 3.058(1)  3.040(1)  3.039(1) 
Ln  Cu(iii, vi, vii) 3.246(1)  3.233(1)  3.226(1) 
Ln  Cu 3.246(1)  3.233(1)  3.226(1) 
Cu  As(2, 2ii, 2vii, 2viii) 2.511(2)  2.507(1)  2.508(1) 
Cu  Cu(vi, vii, xi, xiv) 2.758(1)  2.746(0)  2.743(1) 
Cu  Ln(vi, vii, x)  3.246(1)  3.233(1)  3.226(1) 
As(1)  As(1iv, 1v, 1viii, 1ix)  2.758(1)  2.746(1)  2.743(1) 
As(1)  Ln(iv, v, x) 3.058(1)  3.040(1)  3.039(1) 
As(2)  Cu(vii, xi, xii)  2.511(2)  2.507(1)  2.508(1) 
As(2)  Ln(x, xii, xiii) 2.939(1)  2.922(1)  2.920(1) 
 
 
 HoCuAs2  ErCuAs2  TmCuAs2 
Ln  As(2, 2i, 2ii, 2iii) 2.908(1)  2.904(1)  2.892(1) 
Ln  As(1, 1iii, 1iv, 1v)   3.024(1)  3.020(1)  3.006(1) 
Ln  Cu(iii, vi, vii) 3.223(1)  3.224(1)  3.217(1) 
Ln  Cu 3.223(1)  3.224(1)  3.217(1) 
Cu  As(2, 2ii, 2vii, 2viii)   2.504(1)  2.509(1)  2.507(1) 
Cu  Cu(vi, vii, xi, xiv) 2.735(1)  2.733(1)  2.724(1) 
Cu  Ln(vi, vii, x) 3.223(1)  3.224(1)  3.217(1) 
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As(1)  As(1iv, 1v, 1viii, 1ix) 2.735(1)  2.733(1)  2.724(1) 
As(1)  Ln(iv, v, x) 3.024(1)  3.020(1)  3.006(1) 
As(2)  Cu(vii, xi, xii) 2.504(1)  2.509(1)  2.508(1) 
As(2)  Ln(x, xii, xiii) 2.908(1)  2.904(1)  2.892(1) 
 
 
 YbCuAs2  LuCuAs2 
Ln  As(2, 2i, 2ii, 2iii) 2.882(1)  2.882(1) 
Ln  As(1, 1iii, 1iv, 1v)   2.998(1)  2.998(1) 
Ln  Cu(iii, vi, vii) 3.208(1)  3.205(1) 
Ln  Cu 3.208(1)  3.205(1) 
Cu  As(2, 2ii, 2vii, 2viii) 2.506(1)  2.505(1) 
Cu  Cu(vi, vii, xi, xiv) 2.717(1)  2.717(1) 
Cu  Ln(vi, vii, x) 3.208(1)  3.205(1) 
As(1)  As(1iv, 1v, 1viii, 1ix) 2.717(1)  2.717(1) 
As(1)  Ln(iv, v, x) 2.998(1)  2.998(1) 
As(2)  Cu(vii, xi, xii) 2.506(1)  2.505(1) 
As(2)  Ln(x, xii, xiii) 2.882(1)  2.882(1) 
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3.1.3       Structure description and discussion 
 
 
 
 
Fig. 3.1.2: Crystal structure of (a) LaCu1.25(1)As2, (b) SrZnBi2, (c) LnCu1+dAs2 (Ln = Ce,  
                   Nd, Sm), and (d) LnCuAs2 (Y, Gd  Lu). 
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Figure 3.1.2 illustrates the structures of the compounds LaCu1.25(1)As2, SrZnBi2 (space 
group I4/mmm), LnCu1+dAs2 (Ln = Ce, Nd, Sm), and LnCuAs2 (Y, Gd  Lu) (all: space 
group P4/nmm). The structures consist of PbO-analogous layers of copper and arsenic 
atoms Cu(1)/As(2), and square planar sheets of As(1) atoms, which are separated by 
layers of Ln atoms. The additional Cu(2) atoms are located in square pyramidal sites 
above and below the planar As sheets. In LaCu1.25(1)As2, a different packing of the 
Cu(1)/As(2) layers and La-sheets is observed, leading to a doubling of the c axis (SrZnBi2 
type, [36]). In the PbO-like layers, As(2) atoms occupy the top of a tetragonal pyramid, 
the base of which is being spanned by Cu(1) atoms. The As(2) atoms alternate above and 
below the Cu(1) layer and a two-dimensional net of Cu4As pyramids is built. Structural 
details of some LnCu1+dAs2 compounds, the differences between the SrZnBi2 type and the 
HfCuSi2 type and their relationships to the ZrSSi type [71] and the UGeTe type [72] may 
be represented as follows [3, 4]: 
 
 
 
By inserting atoms into tetrahedral sites of the ZrSiS and UGeTe structure-types, the 
HfCuSi2 and SrZnBi2 structure-types occur; the nonstoichiometry LnCu1+dAs2 (Ln = La  
Nd, Sm) arises now from partial occupation of square pyramidal sites of HfCuSi2 and 
SrZnBi2 structure-types. 
Ln atoms are coordinated by eight As atoms in a square antiprismatic way (one square 
face consists of As(1), the other of As(2) with distances of about 3.10 ± 0.10 Å and 3.00 
± 0.12 Å. The Ln atoms are somewhat shifted towards the As(2) atoms, over which four 
additional Cu(1) atoms are found (LnCu(1): 3.26 ± 0.05 Å). As(2) atoms occupy the 
apical position of a square pyramid, the base of which being spanned by four Cu(1) atoms 
(As(2)Cu(1): 2.515 ± 0.005 Å). Further four Ln atoms complete the As(2) coordination 
to a square antiprism (As(2)La: 3.00 ± 0.12 Å). In the case of the compounds 
LnCu1+dAs2 (Ln = La, Ce, Nd, Sm) one Cu(2) atom is placed at the top of a square 
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antiprism finally giving a monocapped square antiprism. All LnAs distances are close to 
the sum of the ionic radii (Ln3+ (CN 9): 1.16 Å  1.04 Å; the reported values for As3 
differ from 1.93 Å to 2.24 Å; 2.15 Å seems to be an appropriate average [57, 73]. As(1) 
atoms are found in square nets with As(1)As(1) distances equal to 2a  (2.896  2.717 
Å). Considering the sum of the covalent radii (2.38 Å) and the AsAs distance found in 
grey As (2.44(1) Å [57]), only weak interactions in the square net are expected. Four Ln 
atoms forming a considerably stretched tetrahedron complete the coordination. The very 
few Cu(2) atoms at the top of the square pyramids Cu(2)/As(1) show quite short distances 
of 2.33 ± 0.05 Å to As(1). Due to the Wyckoff sites occupied, the Cu(1) atoms are 
coordinated by four nearest Cu(1) atoms with distances 2a  (2.81 ± 0.09 Å; 2×rmetal: 
2.56 Å). Additionally and of more importance, every Cu(1) is surrounded by four As(2) 
atoms in a slightly distorted tetrahedron (Cu(1)As(2): 2.515 ± 0.005 Å). The four Ln 
atoms may be counted as belonging to the coordination sphere of the Cu(1) atoms, 
although the LnCu(1) distances of 3.26 ± 0.05 Å are probably too long to be considered 
as significantly bonding interaction. 
 
 
Fig. 3.1.3: Coordination polyhedra of the atoms in CeCu1.11(1)As2 as example. 
                            The polyhedra for the other compounds are equivalent. 
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The crystal structure of LaCu1.25(1)As2 shows partially occupied Cu positions above and 
below the square As layers and adopts a stuffed variant of the SrZnBi2 type [36]. Several 
phosphides and arsenides with this atomic arrangement are known: CeCu1.09P1.87 [30], 
CeAg1.08P1.90 [37], UCuP2 [38], LaAuAs2 [32], and LnCu1.16P2 [74] are some examples. 
In the structures of LnCu1+dAs2 (Ln = Ce, Pr, Nd, Sm) partially occupied Cu positions 
above and below the square As layers occur, too. The structures represent a stuffed 
variant of the HfCuSi2 type, which is adopted by a series of ternary pnictides LnTX2 and 
UTX2 (T = Fe, Co, Ni, Cu; X = P, As, Sb, Bi) [2, 3, 5, 6, 8, 9, 17-19, 32, 75]. 
 
 
 
 
 
 
Fig. 3.1.4: As layers in (a) LaCu1.25(1)As2  and (b) LnCu1+dAs2 (Ln = Ce, Nd, Sm),  
                 d = 2.848(1)  2.717(1) Å, d1 = 2.310(6)  2.288(9) Å. 
z = 0.5 
z = 0.5 
Ternary copper arsenides LnCu1+dAs2 
 38 
The As layers of LaCu1.25(1)As2 and LnCu1+dAs2 compounds (Ln = Ce, Nd, Sm) are 
shown in figure 3.1.4. In all cases the As nets consist of squares and all distances are 
equal. For the stoichiometric LnCuAs2 compounds (Ln = Y, Tb  Lu) no additional 
copper was found near the square layer. Reflecting the lanthanide contraction, a shrinking 
of the lattice constant a is observed going from the lanthanum to the lutetium compound 
(fig. 3.1.5). Since there are no free x-, and y- parameters for any atom in the structure and 
the variation of z-parameters of the Ln and As(2) atoms are small, most of the interatomic 
distances decrease to the same extent. Nevertheless, two remarkable exceptions should be 
mentioned: First, the distances Cu(1)As(2) of the square pyramids are nearly constant 
for all compounds discussed here (2.515 ± 0.005 Å). This requires a significant decrease 
of the angle Cu(1)As(2)Cu(1) in order to balance the decrease of the lattice constants 
(from 4.096(1) Å for LaCu1.25(1)As2 to 3.842(1) Å for LuCuAs2). 
 
 
 
Fig. 3.1.5: Lattice parameter a versus crystal radius of the rare-earth metal. 
 
In the crystal structures of these compounds, quite large displacement parameters of the 
As atoms in the square layers were found. This might be a hint, that some kind of 
distortions or superstructures may occur. Since no additional reflections were observed in 
X-ray diffraction, a further resolution of these findings is not possible to date. Going 
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along the series of LnCu1+dAs2 compounds from La to Lu, the results of [3, 4] and those 
of this work suggest, that there is a limiting border for the occupation of the additional 
copper position Cu(2) and that the content of Cu(2) is related to the lanthanide metal. The 
excess copper content decrease systematically with the size of the rare-earth atoms in the 
sequence d = 0.25(1) for La, d = 0.11(1) for Ce, d = 0.09(1) for Pr, d = 0.06(1) for Nd, d 
= 0.05(1) for Sm, and d = 0 for Y, Gd  Lu. Our values of d are in good agreement with 
those given for the La, Ce, and Pr compounds in [4]. 
 
Chemical bonding  
To rationalize the chemical bonding in these structures, we can use the Zintl-Klemm 
concept [76]. According to this concept, the elements of low electronegativity donate 
their valence electrons to the more electronegative elements of group 13 to 16. The latter 
use them to satisfy the octet rule forming homoatomic bonds, if necessary. Considering 
the structures of the LnCuAs2 compounds, we can assign formal charges of +3 for Ln 
atoms and +1 for the Cu atoms. Since no bonds between the As(2) atoms are found, we 
can regard them as -3. This leads to an overall formula Ln3+ Cu1+ As(2)3- As(1)1- for the 
stoichiometric compounds. The Zintl-Klemm concept predicts two bonds for an As1-, a 
pseudoelement of group 16. However, the Zintl-Klemm concept was given for electron 
precise compounds i. e. insulators and semiconductors, and we have no statement 
concerning the conductivity yet. Applying this concept again, the compounds LnCu1+dAs2 
with d > 0 should be metals. The excess of d electrons (= d Cu1+) should populate the 
conduction band, otherwise some structural distortions should be visible. 
A further discussion of the electronic situation will be given in chapter 3.4. 
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3.2          Ternary rare-earth silver arsenides LnAgAs2 (Ln = La  Nd, Sm) 
At the beginning of this work, a series of ternary rare-earth silver arsenide LnAgAs2 (Ln = La 
 Nd , Sm, Gd, Tb, Dy) had been reported by Demchyna, Kuzma, and Babizhetsky [6]. The 
authors assigned space groups P4/nmm and Pmmn for these compounds according to their X-
ray powder diagrams. We started to investigate the compounds LnAgAs2 on single-crystals in 
order to review these results and to look for further phases. During our investigations, Eschen 
and Jeitschko proposed space groups P4/nmm and Pnma for these compounds based on 
single-crystal structure determinations of the compounds CeAgAs2 and PrAgAs2 [32]. 
 
3.2.1       Syntheses 
Single-crystals of LnAgAs2 have been obtained by chemical transport reactions in silica 
ampoules (220 mm length and 13 mm inner diameter) using I2 as transporting agent (about 
0.1g per cm3 volume of the ampoule). The mixtures with the nominal compositions 
Ln1.0Ag1.0As2.0 were filled in ampoules together with the transporting agent. The ampoules 
were placed in a two-zone furnace with a temperature gradient from 850 to 750°C (starting 
materials on hot side), kept for 10 days and then cooled in air. The reaction products were 
washed with ethanol to remove the iodine. Air stable single-crystals in the form of prism (fig. 
3.2.1) were found inside the bulk sample at the hot end of the ampoules. 
 
 
 
 
 
 
 
 
 
 
Fig. 3.2.1: Crystals of (a) LaAgAs2 and (b) NdAgAs2. 
 
 
 
 
 
  
(a) LaAgAs2 (b) NdAgAs2 
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3.2.2       X-ray investigations  
3.2.2.1    X-ray powder analyses 
The powder patterns of ground crystal of LnAgAs2 agree well with those, which have been 
calculated with the results of the single-crystal structure determinations (fig. 3.2.2, LaAgAs2 
as example). 
 
 
 
Fig. 3.2.2: Observed and calculated powder diagram of LaAgAs2. 2theta are given in (°). 
 
3.2.2.2    Energy dispersive X-ray analyses 
Energy dispersive X-ray analyses of at least two crystals of each sample (one example is 
shown in fig. 3.2.3) indicated the presence of the three elements in the respective amount 
(24(1)% Sm, 22(1)% Ag, and 54(1)% As). No detectable impurities of iodine or other 
elements were found. 
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Fig. 3.2.3: EDX spectrum of SmAgAs2. 
 
3.2.2.3    X-ray single-crystal structure determinations 
Preliminary investigations of the crystals of all samples were done using precession 
photographs. Precession records for h0l, h1l layers clearly showed weak superstructure 
reflections giving rise to a doubling of the c axis with respect to the unit cell parameters 
giving in [6]. Figure 3.2.4 shows the h0l layers of LaAgAs2, as one example. Two of the weak 
reflections are indicated by arrows. Notice, that h0l, h1l layers for all the samples show the 
same image. 
 
                                     Fig. 3.2.4: h0l layers in LaAgAs2. 
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The difference between LnAgAs2 (Ln = La, Ce) and LnAgAs2 (Ln = Pr, Nd, Sm) occurs in the 
hk0, hk1, hk2, ect. layers as shown in figure 3.2.5. 
 
 
(a) hk0 for LnAgAs2 (Ln = La, Ce)                      (b) hk0 for LnAgAs2 (Ln = Pr, Nd, Sm) 
 
 
(c) hk1 for LnAgAs2 (Ln = La, Ce)                          (d) hk1 for LnAgAs2 (Ln = Pr,Nd, Sm) 
 
Fig. 3.2.5: hk0 (a) and hk1 (c) layers of LnAgAs2 (Ln = La, Ce) and hk0 (b) and hk1 
                  (d) layers of LnAgAs2 (Ln = Pr, Nd, Sm). 
 
For LnAgAs2 (Ln = Pr, Nd, Sm), precession photographs displayed Laue class mmm and the 
reflections conditions hk0: h = 2n; 0kl: l = 2n and hk0: h + k = 2n are consistent with the 
orthorhombic space groups Pmcn (No. 62, unconventional setting of Pnma) and P21cn (No. 
33, conventional setting: Pna21). The unit cell parameters are calculated to have values of 
about a   b   4 Å and c   21 Å. 
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For LnAgAs2 (Ln = La, Ce) the situation is more complicated. The presence of some weak 
reflections in the hk0 layers showed systematic non space group extinctions. The observed 
reciprocal lattice is due to the intergrowth of two twin domains. The cell parameters can be 
calculated using the hk1 layers and the values of a   b   8 Å and c   21 Å were found. After 
this preliminary investigations, the diffraction data for all samples were collected on image 
plate diffractometers. 
For LnAgAs2 (Ln = Pr, Nd, Sm), the intensity data were consistent with the monoclinic space 
group P1121/n. However, these compounds were previously reported to have space group 
Pnma [32]. Structural refinement of our crystals in Pmcn (we used the non-standard settings 
Pmcn and P1121/n in order to emphasize the close relationship to the tetragonal aristotype) 
always yielded significantly elongated displacement parameters of the As atoms in the square 
layer. Moreover, we observed that some hk0 reflections have been rejected due to the 
reflection condition hk0: h + k = 2n. It was thus necessary to reduce the symmetry to P1121/n 
to adapt these reflections. The refinement was succesful with the twin law a = b, b = a, c = 
c of {0 1 0; 1 0 0; 0 0 1}. 
 
Table 3.2.1: Some rejected reflections after indexing in space group Pmcn. 
h   k   l 2oF  ( )2oFs  
5   3   0 64.03 7.36 
13   3   0 72.66 8.05 
1   4   0 1001.32 7.48 
1  2   0 608.60 8.93 
1  2   0 593.87 9.14 
3  3   0  214.64 6.26 
3  3   0 220.58       6.13 
 
For LnAgAs2 (Ln = La, Ce) indexing of the reflections resulted in larger body centered cells 
with the lattice parameters of a   b   8 Å and c   21 Å. Any structure solution in this I-
centered cell failed completely. We therefore transformed the data set into an orthorhombic 
cell with lattice parameters aort   bort   at 2 Å and cort   2ct. In this case, structure solution 
and refinement have been performed in the orthorhombic space group Pcmb. It is important to 
note that because of the twinning the correct orthorhombic space group was not immediately 
recognized. The refinement was succesful with the twin law a = b, b = a, c = c of {0 1 0; 1 
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0 0; 0 0 -1}. The refinement of the structure of CeAgAs2 does not suggest the presence of 
significant nonstoichimetry as previously stated in [77] for the La and Ce compounds. 
However, in LaAgAs2, the final difference Fourier maps showed peaks of up to 4.8 e/Å3. 
These peaks are located at the same position, where the additional Cu(2) atoms in LnCu1+dAs2 
were found (cf. chapter 3.1). Therefore, one additional Ag position (4d) was introduced and 
the refinement of the s.o.f. resulted in an occupation of 2.3(1)% (table 3.2.3). Note, that 
residual electron density was not observed for all other LnAgAs2 (Ln = Ce, Pr, Nd, Sm) 
compounds. Selected crystallographic data are listed in table 3.2.2. Atomic coordinates, site 
occupancies, and equivalent isotropic displacement parameters U(eq) (Å2 · 104) for LnAgAs2 
(Ln = La  Nd, Sm) are found in table 3.2.3. Interatomic distances are given in table 3.2.4.  
 
Table 3.2.2: Selected crystallographic data for LnAgAs2 (Ln = La  Nd, Sm) at 293(2) K 
 
formula LaAg1.01(1)As2 CeAgAs2 
crystal system  orthorhombic orthorhombic 
space group Pcmb (No. 57 ) Pcmb (No. 57 ) 
a   [Å] 5.837(1) 5.758(1) 
b   [Å]  5.838(1) 5.770(1) 
c   [Å] 21.289(4) 21.050(4) 
V  [Å3] 725.6(2) 699.3(2) 
Z 8 8 
Rint 0.067 0.068 
R1 0.036 0.031 
wR2 (all data) 0.117 0.084 
goodness-of-fit 1.16 1.11 
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formula PrAgAs2 NdAgAs2 SmAgAs2 
crystal system  monoclinic monoclinic monoclinic 
space group P1121/n (No. 14) P1121/n (No. 14) P1121/n (No. 14) 
a   [Å] 4.029(1) 4.029(1) 3.991(1) 
b   [Å]  4.069(1) 4.045(1) 4.020(1) 
c   [Å] 21.061(4) 21.003(4) 20.885(4) 
g   [°] 90.0(1) 90.0(1) 90.0(1) 
V  [Å3] 345.28(1) 342.29(1) 334.92(1) 
Z 4 4 4 
Rint 0.063 0.054 0.059 
R1 0.033 0.029 0.027 
wR2 (all data) 0.082 0.075 0.066 
goodness-of-fit 1.06 1.09 1.11 
 
Table 3.2.3: Atomic coordinates, site occupancies and equivalent isotropic displacement 
                     parameters U(eq) (Å2 · 104) for LnAgAs2 (Ln = La  Nd, Sm). 
 
atom site occupancy x y z U(eq) 
Pr 4e 1 0.2501(1) 0.7258(1) 0.1157(3) 91(3) 
Ag 4e 1 0.2501(1) 0.2250(2) 0.2502(5) 131(3) 
As(1) 4e 1 0.2500(3) 0.2016(3) 0.0017(6) 119(4) 
As(2) 4e 1 0.2500(3) 0.7248(2) 0.3389(6) 100(4) 
 
 
atom site occupancy x y z U(eq) 
Nd 4e 1 0.2504(1) 0.7272(1) 0.1155(3) 68(1) 
Ag 4e 1 0.2500(2) 0.2262(1) 0.2501(1) 106(3) 
As(1) 4e 1 0.2499(3) 0.2041(2) 0.0015(7) 95(3) 
As(2) 4e 1 0.2505(3) 0.7265(2) 0.3396(1) 78(3) 
 
 
atom site occupancy x y z U(eq) 
Sm 4e 1 0.2499(1) 0.7288(1) 0.1150(1) 68(1) 
Ag 4e 1 0.2500(1) 0.2282(1) 0.2501(4) 106(1) 
As(1) 4e 1 0.2503(2) 0.2063(1) 0.0015(5) 89(2) 
As(2) 4e 1 0.2497(2) 0.7284(1) 0.3412(4) 73(2) 
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atom site occupancy x y z U(eq) 
La(1) 4d 1 0.0123(1) 1/4 0.1192(3) 70(2) 
La(2) 4d 1 0.5111(1) 1/4 0.1144(3) 76(2) 
Ag(1) 4c 1 0.2640(1) 0 1/4 117(3) 
Ag(2) 4c 1 0.2394(1) 0 1/4 103(3) 
Ag(3) 4d 0.023(1) 0.5050(4) 1/4 0.0511(1) 80(4) 
As(1) 4d 1 0.0123(1) 1/4 0.1640(1) 82(3) 
As(2) 4d 1 0.5123(1) 1/4 0.1633(6) 87(3) 
As(3) 8e 1 0.2187(1) 0.4720(1) 0.0011(4) 151(2) 
 
 
atom site occupancy x y z U(eq) 
Ce(1) 4d 1 0.0141(1) 1/4 0.1181(3) 71(2) 
Ce(2) 4d 1 0.5129(1) 1/4 0.1135(4) 77(2) 
Ag(1) 4c 1 0.2658(1) 0 1/4 118(3) 
Ag(2) 4c 1 0.2370(1) 0 1/4 101(3) 
As(1) 4d 1 0.0140(2) 1/4 0.1621(1) 81(3) 
As(2) 4d 1 0.5143(2) 1/4 0.1613(1) 86(3) 
As(3) 8e 1 0.2219(1) 0.4716(1) 0.0011(1) 152(2) 
 
Table 3.2.4: Selected interatomic distances for LnAgAs2 (Ln = La  Nd, Sm). 
a) LnAgAs2 (Ln = La, Ce) 
Symmetry operations: 
(i) 1+x, y, z; (ii) x, 1+y, z; (iii) x, 0.5y, z; (iv) x, 0.5+y, z; (v) x, 1y, z; (vi) x, 0.5+y, 
0.5z; (vii) x, 1+y, z; (viii) 1+x, y, z; (ix) x, y, z; (x) 1+x, 1+y, z; (xi) 1+x, 0.5y, z; (xii) 
x, 0.5+y, 0.5z; (xiii) 1+x, 0.5+y, 0.5z; (xiv) 1+x, 0.5+y, 0.5z; (xv) 1+x, 0.5+y, 0.5z; 
(xvi) 1+x, 0.5+y, 0.5z; (xvii) 1+x, 1+y, z; (xviii) 1x, 1y, -z. 
 
- LaAg1.01(1)As2 
La(1)  As(2, 2i) 3.066(2)  Ag(2)  As(1, 1vii) 2.764(2) 
La(1)  As(1, 1ii) 3.071(1)  Ag(2)  Ag(1i) 2.900(1) 
La(1)  As(3, 3iii) 3.132(3)  Ag(2)  Ag(2vii, 2xii) 2.919(1) 
La(1)  As(3v, 3vi) 3.262(2)  Ag(2)  La(1xii) 3.471(3) 
La(1)  Ag(3iv) 3.169(4)  Ag(2)  La(2i, 2xiv) 3.547(3) 
La(1)  Ag(3) 3.350(4)  Ag(3)  As(3, 3iii) 2.368(3) 
La(1)  Ag(2, 2vii) 3.471(3)  Ag(3)  As(2i) 2.391(3) 
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La(2)  As(1) 3.097(3)  Ag(3)  As(3xv, 3xvi) 2.544(3) 
La(2)  As(2, 2viii) 3.099(1)  Ag(3)  La(1i) 3.169(4) 
La(2)  As(1iv) 3.110(3)  Ag(3)  La(2i, 2xvii) 3.217(1) 
La(2)  As(3v, 3x) 3.263(3)  Ag(3)  La(2x) 3.524(3) 
La(2)  As(3ix, 3xi) 3.308(3)  As(1)  Ag(1xii, 2xii) 2.765(2) 
La(2)  Ag(3iv, 3ix) 3.217(1)  As(1)  La(1viii) 3.071(1) 
La(2)  Ag(3x) 3.524(3)  As(1)  La(2i) 3.110(3) 
La(2)  Ag(1) 3.541(3)  As(2)  Ag(3iv) 2.391(3) 
Ag(1)  As(1, 2, 1vii, 2xii) 2.765(2)  As(2)  Ag(1vii, 2iv, 2xviii) 2.764(2) 
Ag(1)  Ag(2iv) 2.900(1)  As(2)  La(1iv) 3.067(2) 
Ag(1)  Ag(1vii, 1xii) 2.919(1)  As(2)  La(2ii) 3.099(1) 
Ag(1)  Ag(2) 2.938(1)  As(3)  Ag(3xvi) 2.544(3) 
Ag(1)  La(1xii) 3.471(3)  As(3)  As(3vi) 2.574(2) 
Ag(1)  La(2vii) 3.541(3)  As(3)  As(3iii) 2.592(1) 
Ag(2)  As(2i, 2xiii) 2.764(2)  As(3)  La(1vi, 2x) 3.262(2) 
   As(3)  La(2xvii) 3.308(3) 
 
- CeAgAs2 
Ce(1)  As(2, 2i) 3.018(2)  Ag(1)  Ce(2vi) 3.515(3)
Ce(1)  As(1, 1ii)  3.030(1)  Ag(2)  As(2i , 2xiv) 2.761(2)
Ce(1)  As(3, 3iii)  3.089(3)  Ag(2)  As(1, 1vi) 2.756(2)
Ce(1)  As(3iv, 3v)  3.209(2)  Ag(2)  Ag(1i) 2.863(1)
Ce(1)  Ag(1, 1vi, 2, 2vi) 3.448(3)  Ag(2)  Ag(2vi, 2xii) 2.885(1)
Ce(2)  As(1) 3.048(2)  Ag(2)  Ce(1xii) 3.448(3)
Ce(2)  As(2, 2vii) 3.055(1)  Ag(2)  Ce(2i, 2xv) 3.522(3)
Ce(2)  As(1viii) 3.060(2)  As(1)  Ag(1xii, 2xii) 2.759(2)
Ce(2)  As(3iv, 3ix) 3.204(3)  As(1)  Ce(1vii) 3.030(1)
Ce(2)  As(3x, 3xi) 3.244(3)  As(1)  Ce(2i) 3.060(2)
Ce(2)  Ag(1, 1xii)  3.515(3)  As(2)  Ag(1vi, 2xvi, 2viii) 2.760(2)
Ce(2) Ag(2viii, 2xiii) 3.522(3)  As(2)  Ce(1viii) 3.018(2)
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Ag(1)  As(1, 2, 1vi, 2xii) 2.760(2)  As(2)  Ce(2ii) 3.055(1)
Ag(1)  Ag(2viii) 2.863(1)  As(3)  As(3v) 2.576(1)
Ag(1)  Ag(1vi, 1xii) 2.885(1)  As(3)  As(3iii) 2.556(2)
Ag(1)  Ag(2) 2.895(1)  As(3)  Ce(1v, 2ix) 3.204(3)
Ag(1)  Ce(1xii) 3.449(3)  As(3)  Ce(2xvii) 3.244(3)
 
b) LnAgAs2 (Ln = Pr, Nd, Sm) 
Symmetry operations: 
(i) -0.5+x, 0.5+y, 0.5-z; (ii) 0.5+x, 0.5+y, 0.5-z; (iii) -0.5+x, -0.5+y, 0.5-z; (iv) 0.5+x, 
-0.5+y, 0.5-z; (v) x, 1+y, z; (vi) 1-x, 1-y, -z; (vii) -x, 1-y, -z; (viii) x, -1+y, z; (ix) -x, -y, 
-z; (x) 1-x, -y, -z. 
 
 PrAgAs2  NdAgAs2  SmAgAs2 
Ln  As(2i) 3.016(1)  3.004(1)  2.972(1) 
Ln  As(2ii) 3.016(1)  3.005(1)  2.976(1) 
Ln  As(2iii) 3.021(1)  3.008(1)  2.977(1) 
Ln  As(2iv) 3.021(1)  3.009(1)  2.979(1) 
Ln  As(1v) 3.085(1)  3.074(1)  3.049(1) 
Ln  As(1vi) 3.203(1)  3.189(1)  3.157(1) 
Ln  As(1vii) 3.204(1)  3.191(1)  3.158(2) 
Ln  As(1) 3.212(1)  3.195(1)  3.167(1) 
Ln  Ag(i, ii) 3.469(1)  3.468(1)  3.452(1) 
Ln  Agv 3.485(1)  3.474(1)  3.462(1) 
Ln  Ag 3.488(1)  3.479(1)  3.466(1) 
Ag  As(2iii, 2iv) 2.752(2)  2.756(2)  2.758(1) 
Ag  As(2viii) 2.763(2)  2.760(1)  2.766(1) 
Ag  As(2) 2.762(2)  2.762(1)  2.767(1) 
Ag  Ag(i, ii, iii, iv) 2.863(2)  2.855(2)  2.830(1) 
Ag  Lniii 3.469(1)  3.468(1)  3.452(1) 
Ag  Lniv 3.469(1)  3.469(1)  3.452(1) 
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Ag  Lnviii 3.485(1)  3.474(1)  3.462(1) 
As(1)  As(1ix) 2.599(2)  2.605(2)  2.595(1) 
As(1)  As(1x) 2.599(2)  2.605(2)  2.595(1) 
As(1)  Lnviii 3.085(1)  3.074(1)  3.049(1) 
As(1)  Lnvi 3.203(1)  3.189(2)  3.157(1) 
As(1)  Lnvii 3.204(1)  3.191(2)  3.158(1) 
As(2)  Ag(i, ii) 2.752(2)  2.756(2)  2.758(1) 
As(2)  Agv 2.763(2)  2.760(1)  2.766(1) 
As(2)  Lniv 3.016(1)  3.004(1)  2.972(1) 
As(2)  Lniii 3.016(1)  3.005(1)  2.976(1) 
As(2)  Lnii 3.021(1)  3.008(1)  2.977(1) 
As(2)  Lni 3.021(1)  3.009(1)  2.979(1) 
 
3.2.3       Structure description and discussion 
A view of the structure of LnAgAs2 (Ln = La, Ce) and LnAgAs2 (Ln = Pr, Nd, Sm) is shown 
in figure 3.2.6. For reasons of simplicity, the additional Ag(3) atoms of LaAg1.01(1)As2 have 
been omitted in the graphical representation and structure discussion. 
 
 
Fig. 3.2.6: Crystal structure of (a) LnAgAs2 (Ln = Pr, Nd, Sm) and (b) LnAgAs2  
                  (Ln = La, Ce) view down the c axis. 
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The compounds PrAgAs2, NdAgAs2, and SmAgAs2 crystallize in the monoclinic space group 
P1121/n whereas LaAg1.01(1)As2 and CeAgAs2 crystallize in the orthorhombic space group 
Pcmb. The atomic arrangements in both structures are similar. The structures are composed of 
PbO-like AsAg-sheets, consisting of tetragonal AsAg4 square pyramids linked via common 
edges, and layers of As and Ln atoms respectively. PbO-like layers and planar layers are 
separated by layers of the Ln atoms. The AsAg4 pyramids are defined by one As atoms in the 
apical site and 4 Ag atoms forming a square. Above and below the square of the As atoms we 
find the Ln atoms. In both structures the PbO-type layers contain not only the covalent AgAs 
bonding, but also some bonding AgAg interaction. Both structures look very much alike in 
the projection in figure 3.2.6. However, there is one interesting difference between them, 
namely the arrangement of As atoms in the planar layers. 
 
 
 
Fig. 3.2.7: Comparison of the layers of the As atoms: (a) zigzag chains in LnAgAs2 (Ln = Pr, 
Nd, Sm) and (b) cis-trans chains in LnAgAs2 (Ln = La, Ce). The interatomic distances (d1, d2, 
d3, d4) and angles (a, b, g, d) are given in table 3.2.5. 
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Table 3.2.5: Interatomic distances (d1, d2, d3, d4) and angles (a, b, g, d) in the As layers  
                     for LnAgAs2 (Ln = La  Nd, Sm). 
 LaAg1.01(1)As2 CeAgAs2 PrAgAs2 NdAgAs2 SmAgAs2 
d1 2.592(1) 2.556(2) 2.599(2) 2.605(2) 2.595(1) 
d2 2.574(2) 2.576(1) 2.599(2) 2.605(2) 2.595(1) 
d3 3.302(1) 3.221(1) 3.156(1) 3.130(1) 3.096(1) 
d4 3.246(1) 3.214(1) 3.156(1) 3.130(1) 3.088(1) 
a 97.29(1) 97.33(1) 101.61(1) 101.27(1) 100.51(1) 
b 95.68(1) 95.86(1) 89.46(1) 89.21(1) 89.59(1) 
g 84.32(1) 84.14(1) 79.32(1) 80.13(1) 80.37(1) 
d 82.71(1) 82.67(1) 89.46(1) 89.26(1) 89.41(1) 
 
 
In the structure of LnAgAs2 (Ln = Pr, Nd, Sm) the As layers are distorted to form parallel 
zigzag chains (fig. 3.2.7a). The As(1)As(1) bonds distances within the chains are identical: 
2.595(1) in SmAgAs2 for example. The distances between two adjacent zigzag chains are 
3.088(1) and 3.096(1) Å in SmAgAs2 (cf. table 3.2.5). The angles around the As(1) atom in 
SmAgAs2 are   »  100° (bond angle), b  »  89°, g  »  81°, and d  » 90° proving the distortions 
of the regular square layer in which all angles are 90°. Within the chains, the As(1)As(1) 
distances are slightly larger than the AsAs distances found in grey As (2.44(1) Å, [57]), 
CoAs2 (2.366(2) Å, [78]), or As4Se4 (2.455(2) Å, [79]). The same type of distortion has been 
found in some ternary arsenides; the respective AsAs distances are: 2.656(1)  2.662(1) Å in 
GdSeAs [50], 2.52  2.60 Å in CeSAs [43], 2.596(1) Å in PrAgAs2 [32], 2.604(1) Å in 
GdTeAs [53], 2.55(1) Å in SmSAs [43, 44], and 2.575(2) Å in Sm2CuAs3O (this work). 
In the case of LnAgAs2 (Ln = La, Ce) the distortions of the As layers lead to the formation of 
chains with alternating cis and trans configuration (fig. 3.2.7b). Two slightly different 
distances within the chains are found like 2.556(2) and 2.576(1) Å for CeAgAs2 as an 
example (cf. table 3.2.5). The distances between the chains range from 3.214(1) to 3.221(1) Å 
for CeAgAs2. A similar type of distortion was also found for phosphorus atoms in the 
structures of GdSP [40] and CeSiP3 [80]. The LnAs, LnAg distances in all compounds are 
in good agreement with those found in the literature. As an example, the CeAs distances 
range from 3.018(2) to 3.244(3) Å and can be compared to the CeAs distance of 3.006(1) in 
As3Ce4  [81] and 3.235(1) in CeSAs [43]. The CeAg distances range from 3.448(3) to 
3.522(3) Å and are of comparative length to CeAg distances of 3.51 Å in CeAg1.08P1.9 [37]. 
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As already observed in LnCu1+dAs2, the Ag(1)As(2), Ag(2)As(2), Ag(2)As(1), and Ag(1)
As(1) distances of the square pyramids are almost constant in all silver compounds (AgAs = 
2.76 ± 0.06 Å). 
Reflecting the lanthanide contraction, a decrease of the lattice constants is observed going 
from the lanthanum to the samarium compound. The plot of the cell volume versus the crystal 
radius of the rare-earth metal reflects the expected lanthanide contraction (fig. 3.2.8). 
 
 
 
Fig. 3.2.8: Volume (per 4 formula units) vs. crystal radius of the rare-earth metal. 
 
Figure 3.2.9 shows the coordination polyhedra of the atoms in CeAgAs2. The two Ce atoms 
are found with the same coordination geometry, both are coordinated by eight As atoms in a 
square antiprismatic way. For Ce(1), four As(3) atoms at distances of 3.089(3) and 3.209(2) Å 
define one square, two As(1) and two As(2) at distances of 3.030(1) and 3.018(2) Å define 
another square. For Ce(2), four As(3) atoms at distances of 3.204(3) and 3.244(3) Å 
associated with two As(1) and two As(2) at distances of 3.060(2) and 3.055(1) Å define the 
square antiprism. The Ce(1) and Ce(2) atoms are somewhat shifted towards the latter face 
over which four additional Ag (Ag(1)/Ag(2)) atoms are found (CeAg = 3.448(3)  3.522(3) 
Å). The two Ag atoms have also the same coordination environment. Each Ag atom is 
surrounded by four As atoms (As(1)/As(2)) at distances of about 2.760(2) Å in a slightly 
distorted tetrahedron, the coordination is completed by four Ag atoms in a square (AgAg = 
2.863(1)  2.895(1) Å). Additionally, four Ce atoms may be counted as belonging to the 
coordination sphere of the Ag atoms, although the CeAg distances of about 3.50 ± 0.05 Å 
are probably too long to be considered as significantly bonding. Two of the three As atoms, 
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As(1) and As(2), have the same coordination. Both are surrounded by four Ce atoms and four 
Ag atoms in a distorted square antiprism. As(3) atoms in contrast have four As(3) atoms 
neighbors; four Ce atoms forming a considerably stretched tetrahedron complete the 
coordination sphere. 
The coordination polyhedra and interatomic distances for LaAg1.01(1)As2, PrAgAs2, NdAgAs2, 
and SmAgAs2 are very much alike and will not be discussed in detail here. 
 
 
 
Fig 3.2.9: Coordination polyhedra of the atoms in CeAgAs2. 
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3.2.4       Group  subgroup relations for LnAgAs2 compounds 
For the space groups of all ternary silver arsenides described above, a group  subgroup 
relation to the space group P4/nmm of the aristotype HfCuSi2 can be formulated. Figures 
3.2.10 a and b show the respective Bärnighausen trees [82] for both symmetry reductions. 
Within the boxes in figure 3.2.10 the space group, the lattice parameters of the derivative 
structures in terms of those of the basic structure and in some cases, one structure example, 
are given. On the right hand side, the Wyckoff position and the coordinates of each atom are 
given. The structural changes can be best visualized by viewing the layers of the As atoms. 
In the figure 3.2.10a the space group of LaAg1.01(1)As2 and CeAgAs2 can be reached by a three 
step symmetry reduction starting from P4/nmm (Box A). The first step leads from P4/nmm to 
the orthorhombic space group Cmma (Box B) in which the structure of HoCuP2 [2] is 
described. The a and b lattice parameters in the orthorhombic space group Cmma correspond 
to the face diagonal a » b = ao 2 of the cell with the space group P4/nmm and ao. The 
distortion here is different to that observe in GdCuAs1.15P0.85 [2] and can be recognised only 
by a small difference between the PP distance (2.632 and 2.652 Å) in the square layers in 
contrast to GdCuAs1.15P0.85 were a small deviation of the angle is observed. 
 
 
 
Fig. 3.2.11: P layers in HoCuP2. 
 
The second transition from Cmma to the orthorhombic space group Ccmb (Box C) occurs 
with a doubling of the c axis. By a cell transformation, the standard setting of this space group 
Cmca (Box D) is reached.  
Further symmetry reduction leads to the space group Pmca (Box E). A further cell 
transformation yields Pcmb (Box F), the setting which is used to describe the crystal 
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structures of LnAgAs2 (Ln = La, Ce) and LnAuAs2 (Ln = Pr, Sm, Gd, Tb) in this work. For 
space group Ccmb (Cmca) no examples of compounds are reported until now. 
    [A] 
P 4/n 21/m 2/m (129) 
Hf: 2c 
4mm 
Cu: 2b 
4 m2 
Si(1): 2a 
4 m2 
Si(2): 2c 
4mm 
HfCuSi2 [17] 
ao, ao, co 
1/4                         [3/4] 
1/4                         [3/4] 
0.237                [-0.237] 
1/4              [3/4] 
3/4              [1/4] 
1/2              [1/2] 
1/4             [3/4] 
3/4             [1/4] 
0                  [0] 
1/4              [3/4] 
1/4              [3/4] 
0.665     [-0.665] 
         aobo, 
         ao+bo,     t2 
            co 
    [B] 
C 2/m 2/m 2/a (67) Ho: 4g 
mm2 
Cu: 4b 
222 
P(1): 4a 
222 
P(2): 4g 
mm2 
HoCuP2 [2] 
2oa , 2oa , co 
0                               [0] 
1/4                         [3/4] 
0.235                [-0.235] 
1/4               [3/4] 
0                   [0] 
1/2               [1/2] 
1/4               [3/4] 
0                   [0] 
0                   [0] 
0                   [0] 
1/4               [3/4] 
0.659     [-0.659] 
1/4, 1/4, 0       
            2co         k2 
    
    [C] 
C 2/c 2/m 21/b (64) 
M: 8f 
m.. 
T: 8e 
.2. 
X(1): 8d 
2.. 
X(2): 8f 
m.. 
2oa , 2oa , 2co 
0.751               [0.751] 
0                           [0] 
0.619               [0.619] 
0.001     [0.001] 
1/4               [1/4] 
3/4               [3/4]  
0                   [0] 
0.751     [0.751] 
0                   [0] 
0.751     [0.751] 
0                  0 
0.829     [0.829] 
      b, a,    c 
   
    [D] 
C 2/m 2/c 21/a (64) 
M: 8f 
m.. 
T: 8e 
.2. 
X(1): 8d 
2.. 
X(2): 8f 
.m. 
2oa , 2oa , 2co 
0                           [0] 
0.251                [0.251] 
0.619                [0.619] 
1/4               [3/4]  
0.501     [0.501] 
1/4              [3/4] 
0.251     [0.251] 
0                  [0] 
0                  [0]  
0                   [0] 
0.251     [0.251] 
0.829     [0.829] 
       
           k2  
     [E] 
P 21/m 21/c 2/a (57) 
M(1): 4d 
..m 
M(2): 4d 
..m 
T(1): 4c 
2.. 
T(2): 4c 
2.. 
X(1): 4d 
..m 
X(2): 4d 
..m 
X(3): 8e 
1 
2oa , 2oa , 2co 
1/4 
0.001 
0.381 
0 
0.501 
0.119 
0 
0.751 
1/4 
0 
0.251 
1/4 
1/4 
0.001 
0.171 
1/4 
0.501 
0.329 
0.501 
0.251 
0.001 
     
  b, a, c 
    [F] 
P 2/b 21/c 21/m (57) 
Ce(1): 4d 
..m 
Ce(2): 4d 
..m 
Ag(1): 
4c 
2.. 
Ag(2): 
4c 
2.. 
As(1): 4d 
..m 
As(2): 4d 
..m 
As(3): 8e 
1 
2oa , 2oa , 2co 
CeAgAs2 
0.012 
0.113 
1/4 
0.486 
0.882 
1/4 
0.235 
1/4 
0 
0.263 
1/4 
0 
0.487 
0.662 
1/4 
0.986 
0.838 
1/4 
0.277 
0.499 
0.473 
 
Fig. 3.2.10a: Group-subgroup relations for LnAgAs2 (Ln = La, Ce). 
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    [A] 
P 4/n 21/m 2/m (129) 
Hf: 2c 
4mm 
Cu: 2b 
4 m2 
Si(1): 2a 
4 m2 
Si(2): 2c 
4mm 
HfCuSi2 [17] 
ao, ao, co 
1/4                    [3/4] 
1/4                    [3/4] 
0.237           [-0.237] 
1/4              [3/4] 
3/4              [1/4] 
1/2              [1/2] 
1/4             [3/4] 
3/4             [1/4] 
0                  [0] 
1/4                  [3/4] 
1/4                  [3/4] 
0.665          [-0.665] 
 
            t2 
 
    [G] 
P 21/m 21/m 2/n (59) 
Gd: 2a 
mm2 
Cu: 2b 
mm2 
*X(1): 2a 
mm2 
*X(2): 2b 
mm2 
GdCuAs1.15P0.85 [2] 
ao, b »  ao, co 
1/4                     [3/4] 
1/4                    [3/4] 
0.241           [-0.241] 
1/4               [3/4] 
3/4               [1/4] 
0.499     [0.499] 
1/4               [3/4] 
1/4               [3/4] 
0.655     [0.655] 
1/4                  [3/4] 
3/4                  [1/4] 
0.0001      [-0.0001] 
 
       c = 2co      k2 
 
    [H] 
P 21/m 21/c 21/n (62) 
Sr: 4c 
.m. 
Zn: 4c 
.m. 
Sb(1): 4c 
.m. 
Sb(2): 4c 
.m. 
SrZnSb2 [2] 
ao, b »  ao, 2co 
1/4                     [3/4] 
0.725           [0.725] 
0.115           [-0.115] 
1/4               [3/4] 
0.224     [0.224] 
0.251     [0.251] 
1/4               [3/4] 
0.201     [0.201] 
0.016     [-0.016] 
1/4                 [3/4] 
0.724          [0.724] 
0.323          [-0.323] 
 
              t2 
 
    [I] 
P 11 21/n (14) 
Ln: 4e 
1 
Ag: 4e 
1 
As(1): 4e 
1 
As(2): 4e 
1 
LnAgAs2 (Ln = Pr, 
Nd, Sm) [this work] 
ao, b, c, g = 90° 
0.251           [0.251] 
0.726           [0.726] 
0.116           [-0.116] 
0.251     [0.251] 
0.225     [0.225] 
0.252     [-0.252] 
0.250     [0.250] 
0.202     [0.202] 
0.002     [-0.002] 
0.250         [0.250] 
0.725         [0.725] 
0.339         [-0.339] 
 
*mixed occupancy: 
X(1) = 32.8% As + 67.2% P 
X(2) = 82.1% As + 17.9% P 
 
Fig. 3.2.10b: Group-subgroup relations for LnAgAs2 (Ln = Pr, Nd, Sm). 
 
As shown in figure 3.2.10b, P1121/n, the space group of PrAgAs2, NdAgAs2, and SmAgAs2 
can be reached by a three step symmetry reduction starting again from P4/nmm (Box A). The 
first step ends up with the orthorhombic space group Pmmn (Box G) in which GdCuAs1.15P0.85 
[2] is described. The distortion is quite small and results in a slight deviation of the angles in 
the As layers from 90° (fig. 3.2.12). 
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Fig. 3.2.12: As layers in GdCuAs1.15P0.85. 
 
The second transition from Pmmn to the orthorhombic space group Pmcn (standard setting 
Pnma) (Box H) involves a doubling of the c axis. The square layers distorts now to give 
zigzag chains of T atoms with two short distances within the chains and two longer distances 
between them. Eschen and Jeitschko have described the structures of LnAgAs2 (Ln = Pr, Nd, 
Sm, Gd, Tb, Dy) in this space group [32]. 
Further symmetry reduction leads to the space group P1121/n (Box I). Due to our single-
crystal X-ray investigations, P1121/n is the correct space group to describe the structures of 
LnAgAs2 (Ln = Pr, Nd, Sm) (fig. 3.2.6a). 
 
 Results 
 
 59 
3.3          Ternary rare-earth gold arsenides LnAuAs2 (Ln = Pr, Sm, Gd, Tb) 
The preparation and the crystal structures of the ternary rare-earth gold arsenides LnAuAs2 
(Ln = La  Nd, Sm, Gd, Tb) have been reported recently [32]. According to the authors, all 
compounds, except LaAuAs2, crystallize with the HfCuSi2 structure-type (space group 
P4/nmm; at   4 Å, ct   10 Å; Z = 2). LaAuAs2 in contrast adopts the SrZnBi2 structure-type 
(space group I4/mmm; at   4 Å, ct   20 Å, Z = 4). In all structures large displacement 
parameters have been observed for the arsenic atoms in the square layers. The refinements 
have been carried out with split positions for these As atoms. In order to check whether the 
assigned space group is correct or distortion occurs in the square nets, we reinvestigated 
single-crystals of several compounds. 
 
 
 
Fig. 3.3.1: Crystal structure of CeAuAs2 refined in space group P4/nmm with split 
                         position of the As(2) atoms according to [32]. 
 
3.3.1       Syntheses  
The compounds LnAuAs2 (Ln = Pr, Sm, Gd, Tb) were prepared by reaction of the rare-earth 
elements with As and Au in a LiCl/KCl flux. The samples were slowly heated at 500°C for 2 
days and subsequently annealed for 7 days at 850°C, followed by cooling to room 
temperature at the rate of 3°/h. The flux was removed with water and the reaction products 
were washed with ethanol. Air stable, silvery metallic platelets crystals were obtained. 
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3.3.2       X-ray investigations 
3.3.2.1    X-ray powder analyses  
The observed powder patterns of ground crystals of LnAuAs2 agree well with those calculated 
from the single-crystal structure. As one example, the observed and calculated powder 
diagrams for SmAuAs2 are given in figure 3.3.2. Note that the observed powder pattern of 
SmAuAs2 looks essentially like the powder diagram of LaAgAs2 (chapter 3.2). 
 
 
Fig. 3.3.2: Observed and calculated powder diagrams of SmAuAs2. (2theta in (°)). 
 
3.3.2.2    Energy dispersive X-ray analyses 
The analyses of at least two crystals of each sample (one example for PrAuAs2 is shown in 
figure 3.3.3) did not show any impurity elements such as silicon or flux elements but show the 
presence of the three elements in the respective amount (25(1)% Pr, 23(1)% Au, and 52(1)% 
As). 
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Fig. 3.3.3: EDX spectrum of a PrAuAs2 crystal. 
 
3.3.2.3    X-ray single-crystal structure determinations 
Precession records for hk0, hk1, h0l, h1l layers are very similar to those obtained for LaAgAs2 
and CeAgAs2. After theses observations, the crystals were mounted on an Imaging Plate 
Diffraction System (IPDS-I and II) and complete data sets were recorded. The structure 
solutions and refinements for all samples were carried out in space group Pcmb (No. 57) 
taking the atomic positions of CeAgAs2 as start model. Selected crystallographic data are 
listed in table 3.3.1. Atomic coordinates, sites occupancies, and equivalent isotropic 
displacement parameters U(eq) (Å2 · 104) for LnAuAs2 (Ln = Pr, Sm, Gd, Tb) are given in table 
3.3.2. Interatomic distances are presented in table 3.3.3. 
 
Table 3.3.1: Selected crystallographic data for LnAuAs2 (Ln = Pr, Sm, Gd, Tb) at 293 K 
formula PrAuAs2 SmAuAs2 GdAuAs2 TbAuAs2 
crystal system  orthorhombic orthorhombic orthorhombic orthorhombic 
space group Pcmb (No. 57) Pcmb (No. 57) Pcmb (No. 57) Pcmb (No. 57) 
a   [Å] 5.778(1) 5.729(1) 5.674(1) 5.648(1) 
b   [Å]  5.801(1) 5.735(1) 5.681(1) 5.661(1) 
c   [Å] 20.465(4) 21.439(4) 20.299(4) 20.220(5) 
V  [Å3] 685.9(2) 671.5(2) 654.3(2) 646.4(2) 
Z 8 8 8 8 
Rint 0.067 0.087 0.090 0.175 
R1 0.030 0.046 0.041 0.052 
wR2 (all data) 0.073 0.135 0.131 0.144 
goodness-of-fit 1.05 1.32 1.03 1.06 
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Table 3.3.2: Atomic coordinates, sites occupancies and equivalent isotropic displacement 
parameters U(eq) (Å2 · 104) for LnAuAs2 (Ln = Pr, Sm, Gd, Tb). 
 
atom site occupancy x y z U(eq) 
Pr(1) 4d 1 0.0154(2) 1/4 0.1204(4) 86(3) 
Pr(2) 4d 1 0.5143(2) 1/4 0.1162(1) 89(3) 
Au(1) 4c 1 0.2688(1) 0 1/4 156(4) 
Au(2) 4c 1 0.2348(1) 0 1/4 151(4) 
As(1) 4d 1 0.0146(3) 1/4 0.1609(1) 104(4) 
As(2) 4d 1 0.5152(3) 1/4 0.1597(1) 100(4) 
As(3) 8e 1 0.2229(1) 0.4709(1) 0.0009(1) 93(1) 
 
 
atom site occupancy x y z U(eq) 
Sm(1) 4d 1 0.0151(4) 1/4 0.1179(1) 119(1) 
Sm(2) 4d 1 0.5170(4) 1/4 0.1176(1) 114(1) 
Au(1) 4c 1 0.2695(3) 0 1/4 185(1) 
Au(2) 4c 1 0.2331(3) 0 1/4 169(4) 
As(1) 4d 1 0.0184(1) 1/4 0.1585(3) 146(1) 
As(2) 4d 1 0.5146(1) 1/4 0.1564(2) 116(1) 
As(3) 8e 1 0.2453(1) 0.4712(3) 0.0009(2) 142(4) 
 
 
atom site occupancy x y z U(eq) 
Gd(1) 4d 1 0.0133(1) 1/4 0.1172(1) 72(1) 
Gd(2) 4d 1 0.5138(1) 1/4 0.1168(1) 76(1) 
Au(1) 4c 1 0.2660(4) 0 1/4 155(1) 
Au(2) 4c 1 0.2347(4) 0 1/4 167(1) 
As(1) 4d 1 0.0138(1) 1/4 0.1577(3) 79(1) 
As(2) 4d 1 0.5130(1) 1/4 0.1561(3) 74(1) 
As(3) 8e 1 0.2493(1) 0.4752(3) 0.0001(2) 119(1) 
 
 
atom site occupancy x y z U(eq) 
Tb(1) 4d 1 0.0109(1) 1/4 0.1165(3) 112(1) 
Tb(2) 4d 1 0.5132(1) 1/4 0.1169(3) 81(1) 
Au(1) 4c 1 0.2647(1) 0 1/4 189(1) 
Au(2) 4c 1 0.2366(1) 0 1/4 179(1) 
As(1) 4d 1 0.0121(1) 1/4 0.1564(1) 80(2) 
As(2) 4d 1 0.5129(1) 1/4 0.1546(1) 110(3) 
As(3) 8e 1 0.2458(1) 0.4781(1) 0.0005(1) 135(1) 
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Table 3.3.3: Selected interatomic distances (Å) for LnAuAs2 (Ln = Pr, Sm, Gd, Tb). 
Symmetry operations: 
(i) 1+x, y, z; (ii) x, 1+y, z; (iii) x, 0.5y, z; (iv) x, -0.5+y, z; (v) x, 1y, z; (vi) x, 0.5+y, 
0.5z; (vii) 1+x, y, z; (viii) x, 1+y, z; (ix) x, y, z; (x) 1+x, 1+y, z; (xi) 1+x, 0.5y, z; (xii) 
x, 0.5+y, 0.5z; (xiii) 1+x, 0.5+y, 0.5z; (xiv) 1+x, 0.5+y, 0.5z; (xv) 1+x, 0.5+y, 0.5z; 
(xvi) 1+x, 0.5+y, 0.5z; (xvii) 1+x, 1+y, z. 
 
 PrAuAs2  SmAuAs2  GdAuAs2  TbAuAs2 
Ln(1)  As(2) 2.997(1)  2.967(5)  2.944(8)  2.916(1) 
Ln(1)  As(2i) 3.000(1)  2.974(5)  2.947(8)  2.937(1) 
Ln(1)  As(1, 1ii) 3.016(1)  2.985(2)  2.957(2)  2.942(4) 
Ln(1)  As(3, 3iii) 3.086(3)  3.091(1)  3.081(6)  3.046(1) 
Ln(1)  As(3iv, 3v) 3.200(3)  3.193(4)  3.145(5)  3.117(1) 
Ln(1)  Au(1, 1vi, 2, 2vi)  3.360(1)  3.380(1)  3.369(3)  3.354(1) 
Ln(2)  As(1) 3.029(1)  2.977(5)  2.957(1)  2.940(1) 
Ln(2)  As(1vii) 3.032(1)  2.991(5)  2.957(1)  2.928(1) 
Ln(2)  As(2, 2viii) 3.034(1)  2.975(1)  2.950(2)  2.930(4) 
Ln(2)  As(3iv, 3ix) 3.197(3)  3.146(4)  3.085(6)  3.094(1) 
Ln(2)  As(3x, 3xi) 3.238(3)  3.178(4)  3.139(5)  3.126(1) 
Ln(2)  Au(1, 1xii) 3.409(3)  3.375(2)  3.363(3)  3.349(6) 
Ln(2)  Au(2vii, 2xiii) 3.422(3)  3.381(2)  3.372(3)  3.353(6) 
Au(1)  As(2, 2xii) 2.747(3)  2.772(4)  2.759(6)  2.774(1) 
Au(1)  As(1, 1vi) 2.754(3)  2.761(5)  2.753(6)  2.762(1) 
Au(1)  Au(2vii) 2.869(1)  2.850(2)  2.833(3)  2.818(6) 
Au(1)  Au(1vi, 1xii) 2.901(1)  2.868(1)  2.840(1)  2.830(6) 
Au(1)  Au(2) 2.909(1)  2.879(2)  2.841(3)  2.830(1) 
Au(1)  Ln(1xii) 3.360(1)  3.380(1)  3.369(3)  3.368(6) 
Au(1)  Ln(2vi) 3.409(3)  3.375(2)  3.363(3)  3.349(6) 
Au(2)  As(1, 1vi) 2.740(1)  2.762(5)  2.741(6)  2.750(1) 
Au(2)  As(2i, 2xiv) 2.760(1)  2.794(4)  2.775(6)  2.781(1) 
Au(2)  Au(1i) 2.869(1)  2.850(2)  2.833(3)  2.818(6) 
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Au(2)  Au(2vi, 2xii) 2.901(1)  2.868(1)  2.840(1)  2.830(1) 
Au(2)  Ln(1xii) 3.360(1)  3.380(1)  3.357(3)  3.354(6) 
Au(2)  Ln(2i, 2xv) 3.422(3)  3.381(2)  3.372(3)  3.353(6) 
As(1)  Au(2xii) 2.740(1)  2.762(5)  2.741(6)  2.750(1) 
As(1)  Au(1xii) 2.754(3)  2.761(5)  2.753(6)  2.762(1) 
As(1)  Ln(1viii) 3.016(1)  2.985(2)  2.957(1)  2.942(1) 
As(1)  Ln(2i) 3.032(1)  2.991(5)  2.956(2)  2.928(4) 
As(2)  Au(1vi) 2.747(3)  2.772(4)  2.759(6)  2.774(1) 
As(2)  Au(2vii, 2xvi) 2.760(1)  2.794(4)  2.775(6)  2.781(1) 
As(2)  Ln(1vii) 3.000(1)  2.974(5)  2.947(8)  2.916(1) 
As(2)  Ln(2ii) 3.034(1)  2.975(1)  2.950(2)  2.930(4) 
As(3)  As(3iii) 2.563(2)  2.537(2)  2.558(2)  2.581(4) 
As(3)  As(3v) 2.597(1)  2.830(1)  2.843(1)  2.788(1) 
As(3)  Ln(2ix) 3.197(3)  3.146(4)  3.085(6)  3.094(1) 
As(3)  Ln(1v) 3.198(3)  3.178(4)  3.139(5)  3.117(1) 
As(3)  Ln(2xvii) 3.238(3)  3.193(4)  3.145(5)  3.126(1) 
As(3)  As(3xvii) 3.220(1)  2.940(1)  2.860(1)  2.883(1) 
 
3.3.3       Structure description and discussion 
PrAuAs2, SmAuAs2, GdAuAs2, and TbAuAs2 crystallize in the space group Pcmb and are 
isostructural with LaAgAs2 and CeAgAs2. The crystal structure of PrAuAs2 and LnAuAs2 (Ln 
= Sm, Gd, Tb) are displayed in figures 3.3.4. 
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Fig. 3.3.4: Crystal structure of (a) PrAuAs2 and (b) LnAuAs2 (Ln = Sm, Gd, Tb).  
 
The atomic arrangement in these structures is very similar to those in CeAgAs2. A detailed 
structure description is therefore omitted here, and we focus on the discussion of the As layers 
in the following. Figure 3.3.5 gives a projection onto the As layers in PrAuAs2 and GdAuAs2.  
 
 
 
Fig. 3.3.5: Comparison of the layers of the As atoms (a) cis-trans chains in PrAuAs2  
                  and (b) dumb-bells of the As atoms in LnAuAs2 (Ln = Sm, Gd, Tb). 
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The different As(3)As(3) distances, abbreviated as d1, d2, d3, and d4 are given in table 3.3.4 
for all four compounds.  
 
Table 3.3.4: Interatomic distances in the As layers of values of d1, d2, d3, and d4 in  
                     LnAuAs2 (Ln = Pr, Sm, Gd, Tb). 
 PrAuAs2 SmAuAs2 GdAuAs2 TbAuAs2 
d1 2.563(2) 2.537(2) 2.558(2) 2.581(4) 
d2 2.597(1) 2.830(1) 2.843(1) 2.788(1) 
d3 3.220(1) 2.940(1) 2.860(1) 2.883(1) 
d4 3.238(1) 3.198(1) 3.122(1) 3.079(1) 
 
 
The distances within the cis-trans chains in PrAuAs2 are nearly equal (d1 = 2.563(2), d2 = 
2.597(1) Å) and only slightly longer than the distances in grey arsenic (2.44(1) Å [57]) or 
those in CeAgAs2 (d1 = 2.556(2), d2 = 2.576(1) Å). The shortest distance between two 
adjacent chains is d3 = 3.220(1) Å and similar to the distance in CeAgAs2, too (d3 = 3.221(1) 
Å). 
In SmAuAs2, GdAuAs2, and TbAuAs2, the two distances d1 and d2 differ significantly: 
2.537(2) Å and 2.830(1) Å in SmAuAs2, for example. A tendency to a further distortion, 
namely to form As2-dimers can clearly be read out. Going from PrAuAs2 to SmAuAs2, the 
distance d3 decreases for about 10 % (cf. figure 3.3.6), much more than expected from the 
lanthanide contraction, mirrored for example in the respective unit cell volumes (685.9(2) Å3 
and 671.5(2) Å3: VD  »  2%, figure 3.3.7). On the other hand the distance d2, increases almost 
to the same extend (»  9%) as d3 shrinks. We thus have to consider a significantly bonding 
interaction between As atoms of two adjacent chains in SmAuAs2, GdAuAs2, and TbAuAs2, 
leading to a decreasing of the stabilizing interactions within the chains. The As layers of these 
three compounds can therefore be regarded as a kind of intermediate between cis-trans chains 
and As2-dimers. However, isolated dimers would have to be formulated as As24 and are 
hence not expected to occur well separated in the structure. A similar distortion was found for 
the the As zigzag chains in NdSeAs; the distances here range from 2.697(4) Å to 2.855(4) Å 
[50]. Dumb-bells of pnicogen atoms have been reported for YbSb2  (dSbSb = 2.92(1) Å [83]; 
for comparison dSbSb in rhombohedral antimony: 2.91 Å [42]) and GdCuP2.20 (dPP = 
2.268(1) Å [2]; for comparison: shortest dPP in black phosphorus: 2.223(1) Å, [84], in white 
phosphorus: 2.186(1) Å, [56]). 
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Fig. 3.3.6: Interatomic distances (d1, d2, d3) in the As layers in LnAuAs2 (Ln = Pr, Sm, Gd, 
Tb) versus the crystal radius of rare-earth. 
 
 
 
Fig. 3.3.7: Cell volume of LnAuAs2 vs. crystal radius of the rare-earth metal. 
 
The LnAs, LnAu, AuAs, distances are reasonable and decrease going from praseodium to 
terbium compounds (table 3.3.3). To take PrAuAs2 as example, the AuAu distances range 
from 2.869(1) to 2.909(1) Å, these distances are of a comparable length with those in PrAu6 
ranging from 2.723(5) to 2.968(6) Å [85], and those calculated from the lattice constant of the 
cubic close packed structure of elemental gold 2.884(1) Å [86]. The PrAs distances in 
PrAuAs2 (dPrAs = 2.997(1)  3.238(3)) Å are similar to those given in PrAgAs2 (3.016(1)  
3.212(1) Å). Some PrAu distances in PrAu6 [85] (3.128(5)  3.974(5) Å) are significantly 
shorter, other are much longer than those found in PrAuAs2 (3.360(1)  3.422(3) Å).  
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3.4    Structural relationships and physical properties of LnTAs2 compounds 
               (Ln = Y, La  Nd, Sm, Gd  Lu; T = Cu, Ag, Au) 
The compounds LnCu1+dAs2 (Ln = Y, La  Nd, Sm, Gd  Lu), LnAg1+dAs2 (Ln = La  Nd, 
Sm), and LnAuAs2 (Ln = Pr, Sm, Gd, Tb) expand the already extensive series of structures 
containing square nets of main group elements and its derivatives. Due to their close 
structural relationship, some features of the ternary compounds LnTAs2 will be discussed 
together. The coordination number of the rare-earth metal atoms is typically eight (CN 8) and 
the environment is strongly influenced by the bonding requirements of the more 
electronegative components. The Ln atoms are commonly found in the square antiprismatic 
coordination by As atoms in these structures. The LnAs distances in these structures are 
similar and remain nearly unaffected from the kind of the coinage metal T. The T atoms are 
always coordinated by four As atoms in a slightly distorted tetrahedron (dCuAs  »  2.51 Å; 
dAgAs  »  2.76 Å; dAuAs  »  2.75 Å). The structures of these compounds contain layers of edge 
sharing AsT4 tetrahedra and layers of As atoms separated by layers of rare-earth atoms. The 
crystal structures differ mainly in the nature of the planar As sheets. In the structure of 
LnCu1+dAs2 (Ln = Y, La  Nd, Sm, Gd  Lu), the As atoms form a square net with weak As
As distances, no distortions have been observed. In LnAgAs2 (Ln = Pr, Nd, Sm) the square 
nets are distorted to form parallel zigzag chains. In LnAgAs2 (Ln = La, Ce) and PrAuAs2, the 
As layers are distorted to form chains with alternating cis and trans configuration. Finally in 
LnAuAs2 (Ln = Sm, Gd, Tb) the distortion is slightly enhanced towards the formation of 
dumb-bells. 
Two factors affect the bonding situation in the As layers and are thus responsible for 
distortions. Firstly, the geometric requirements have to be considered. Bonding in a square net 
of X atoms can only occur, if the interatomic distances fall in a certain range. Secondly, the 
electronic situation i. e. the electronic content has to be considered. In general, the lattice 
parameters of the compounds LnTAs2 are determined by the size of the rare-earth and the 
coinage metal. In the compounds LnCu1+dAs2 (Ln = Y, La  Nd, Sm, Gd  Lu), LnAg1+dAs2 
(Ln = La, Ce), and LnAuAs2 (Ln = Pr, Sm, Gd, Tb) the PbO-like [TAs] layers can be regarded 
as rigid blocks and the As sheets have to fit above and below them. Within the series of Cu-
compounds, the AsAs distances, e. g., decrease from 2.896(1) Å for LaCu1.25(1)As2 to 
2.711(1) Å for LuCuAs2. This reduction of about 7% is in good agreement with the lanthanide 
contraction and is also mirrored in the shrinking of the lattice parameter a and the unit cell 
volume per formula unit. The amount of additional Cu(2) atoms decrease systematically with 
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the size of the rare-earth atoms leading to the conclusion, that the amount d of Cu(2) depends 
on the size of the Ln atoms only. 
 
 
 
Fig 3.4.1: Comparison of the As layers (a) the regular square net in LnCu1+dAs2, (b) the 
                 zigzag chains in LnAgAs2 (Ln = Pr, Nd, Sm) (c) the cis-trans chains in LnAgAs2  
                 (Ln = La, Ce) and PrAuAs2 and (d) the dumb-bells in LnAuAs2 (Ln = Sm, Gd, Tb). 
 
Mozharivskyj and Franzen explained the presence of the additional Cu atoms in the 
compounds LnCu1+dAs2 by analysis of the relative interatomic distances for the Cu and As 
nets [77]. They defined the relative interatomic distance (R.I.D.) as the ratio between the As
As or CuCu interatomic distances and the element diameters. 
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In the rare-earth copper arsenides, the Cu(1) net is structurally the same as the As(1) layer, the 
interatomic distances in each net are equal. The element radii of As and Cu are 1.245 Å and 
1.278 Å. So the relative interatomic distance in the As net and Cu net are similar. Table 3.4.1 
gives the R.I.D. for all compounds. According to the authors, one observes that the La, Ce, 
Nd, Sm copper arsenides for which the relative interatomic distances of the As nets are larger 
or equal to 1.12 have additional Cu atoms around the As layer. This means that, due to the 
large rare-earth atoms the relative interatomic distances of the As nets increase above the 
stability limit and the structure of LnCu1+dAs2 (Ln = La, Ce, Nd, Sm) may either be distorted 
or take in some additional Cu(2) atoms around the As net to stabilize the tetragonal structure. 
 
Table 3.4.1: Calculated relative interatomic distances according to [77] for LnCu1+dAs2. 
Compounds R. I. D. (As net) R. I. D. (Cu net) 
LaCu1.25(1)As2 1.163 1.133 
CeCu1.11(1)As2 1.143 1.114 
PrCu1.09(1)As2 1.138 1.108 
NdCu1.06(1)As2 1.130 1.100 
SmCu1.05(1)As2 1.120 1.091 
GdCuAs2 1.112 1.083 
TbCuAs2 1.107 1.079 
DyCuAs2 1.103 1.074 
HoCuAs2 1.098 1.070 
ErCuAs2 1.097 1.069 
TmCuAs2 1.093 1.065 
YbCuAs2 1.091 1.063 
LuCuAs2 1.090 1.063 
YCuAs2 1.104 1.075 
 
 
Figure 3.4.2 shows the relative interatomic distances in the As layer of all LnTAs2 compounds 
investigated here as a function of the crystal radius of the rare-earth metal. For the 
orthorhombic distorted structures of LnAgAs2 (Ln = La  Nd, Sm) and LnAuAs2 (Ln = Pr, 
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Sm, Gd, Tb), the shortest and the average AsAs distances have been considered separately 
(the monoclinic compounds have not been considered). 
 
 
 
 
Fig. 3.4.2: Relative interatomic distances in LnTAs2 (T = Cu, Ag, Au). 
 
 
Table 3.4.2: Calculated relative interatomic distances according to [77] for LnAgAs2 and  
                      LnAuAs2. 
 
LnTAs2 R.I.D. (shortest AsAs) R.I.D. (average AsAs) 
LaAgAs2 1.034 1.103 
CeAgAs2 1.027 1.097 
PrAgAs2 1.029 1.155 
NdAgAs2 1.012 1.151 
SmAgAs2 1.025 1.142 
PrAuAs2 1.029 1.104 
SmAuAs2 1.019 1.144 
GdAuAs2 1.028 1.141 
TbAuAs2 1.037 1.128 
 
 
First of all, the plots show a large separation between the R.I.D. based on average and those 
based on the shortest distances in the structures of LnAgAs2 and LnAuAs2. The R.I.D. based 
on the shortest AsAs distances are considerably smaller than those based on average 
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distances. The latter are in the same range as the R.I.D. of the copper compounds. For 
LaAgAs2, CeAgAs2, and PrAuAs2, the average R.I.D. lie well below the values of the 
respective Cu compounds despite the larger size of the heavier coinage metals.  
The statement of Mozharivskyi and Franzen, that distortion or incorporation of an additional 
amount of coinage metal is likely for R.I.D. > 1.12 can not be verified for the LnAgAs2 and 
LnAuAs2 series. All compounds of theses two series are distorted regardless their R.I.D.. We 
found only one example for the incorporation of additional coinage metal, namely 
LaAg1.01(1)As2. 
 
3.4.1       Physical properties 
3.4.1.1    Electrical resistivity 
Figure 3.4.3 shows the  (T) behavior for all LnCuAs2 compounds throughout 1.8  300 K. 
The measurements were done on cold-pressed powder pellets with a certain porosity, the 
measured absolute values of  are thus overestimated. For all compounds, the resistivity  
decreases with T, without any other feature down to 70 K. This establishes that all LnCuAs2 
compounds can be classified as metals. 
We observe an upturn of the electrical resistivity in the curves of the Sm, Gd, Tb and Dy 
compounds at temperatures below rminT  (see table 3.4.3); the minimum is weak for ErCuAs2. 
Note that this feature is not observed for the Y, Lu, Ho, Pr, and Nd compounds, in these cases 
(T) shows normal metallic behavior down to low temperatures. A similar min behavior has 
been reported for Gd2PdSi3 crystallizing in a AlB2-derived hexagonal structure [87]. Some 
heavy rare-earth members of the series LnAgGe [88] have been also reported to show such 
minima in (T). In order to understand the min, the data is plotted in various ways in the 
range 12.5  31 K (region of interest) in fig. 3.4.6 for SmCuAs2 as one example. A Similar 
curve found for GdCuAs2 compound is not shown here. 
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Fig. 3.4.3: The electrical resistivity as a function of temperature (1.8  300 K) for 
                  LnCuAs2 (Ln = Y, Pr, Nd, Sm, Gd, Tb  Lu). 
 
To compare the transport properties of the distorted compounds to those of the undistorted 
ones, we measured the resistivities of pellets of CeAgAs2 and PrAgAs2 as examples for 
compounds with cis-trans and zigzag chains of As atoms, respectively. As we can see from 
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figures 3.4.4 and 3.4.5, CeAgAs2 behaves like a semiconductor, whereas in PrAgAs2 metallic 
conductivity is preserved. 
 
 
Figure 3.4.4: Temperature dependence of the electrical resistivity r of CeAgAs2.  
The inset shows logarithmic plot of the conductivity versus 1/T. 
 
 
 
Figure 3.4.5: Temperature dependence of the electrical resistivity r of PrAgAs2.  
The inset shows logarithmic plot of the conductivity versus 1/T. 
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Fig. 3.4.6: The electrical resistivity in the temperature range 12.5  31 K plotted in 
           various ways for SmCuAs2. 
 
None of the plots in figure 3.4.6 is linear. According to Sampathkumaran [89], the upturn in 
the resistivities of the LnCuAs2 compounds cannot be attributed to the classical Kondo effect 
(a correlation of the conducting electrons with the localized magnetic moments of the rare-
earth metals, [90]). The absence of the classical Kondo effect in the Sm, Gd, Tb, and Dy 
compounds is supported by the absence of a logarithmic variation of  (fig 3.4.6(d). 
Considering that the non-magnetic compounds YCuAs2 and LuCuAs2 behave normally in the 
sense that there is no minimum in the (T) plot, we can say that this anomaly has its origin in 
magnetism. One possible explanation is the scattering of electrons at a non-perfect spin lattice 
in course of a magnetic ordering process. Since the magnetic ordering process is quite 
complex, there might be a different (T) dependence than for classical Kondo systems. The 
results of the measurements of dc magnetic susceptibility, , and heat capacity, cp, for the 
copper compounds are shown in figures 3.4.7 and 3.4.9. There are some features in both 
figures attributable to magnetic ordering in that temperature range where (T) shows 
corresponding anomalies.  
However, the resistivity curve of PrAgAs2 shows a pronounced upturn at about 12 K, similar 
to those of SmCuAs2, GdCuAs2, TbCuAs2, and DyCuAs2, but not PrCuAs2. This observation 
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indicates, that the reasons for the upturns cannot be found by regarding the rare-earth ions 
only.  
 
Table 3.4.3: The paramagnetic Curie temperatures (qp), Néel temperatures (TN), effective 
magnetic moments (µeff, 100  300 K), and the temperatures rminT  at which the minimum 
resistivity is found in the paramagnetic state for LnCuAs2 compounds. 
 
compound qp (K) TN (K) µeff, meas (µB) µeff, theo (µB) [91] rminT  (K) 
PrCuAs2 -51 4.1 3.5 3.58 absent 
NdCuAs2 -30 2.5 3.86 3.62 weak, 11 K 
SmCuAs2 - 13 - 0.85 35 K 
GdCuAs2 -15 9 7.9 7.94 35 K 
TbCuAs2 -14 8 9.7 9.72 35 K 
DyCuAs2 -3 8 10.6 10.65 20 K 
HoCuAs2 -9 4.4 10.8 10.61 absent 
ErCuAs2 -6 4 9.5 9.58 weak, 30 K 
 
 
3.4.1.2    Magnetization 
The T dependence of zero-field-cooled magnetic susceptibility () taken in a magnetic field of 
5 kOe is plotted for samples of PrCuAs2, NdCuAs2, SmCuAs2, GdCuAs2, TbCuAs2, 
DyCuAs2, HoCuAs2, and ErCuAs2 in the form of inverse  versus T. The insets show the data 
in an expanded form at low temperatures to highlight the features due to magnetic ordering. 
For all these compounds, except for SmCuAs2,  is found to follow Curie-Weiss behavior 
above about 100 K. The calculated effective magnetic moment (eff) obtained from this 
temperature range agrees well with the theoretical values for respective trivalent Ln ions [91], 
the paramagnetic Curie temperatures (p) obtained at this temperature are given in table 3.4.3. 
The negative sign of p indicates antiferromagnetic ordering. Notice, that YCuAs2 is found to 
be diamagnetic ((300K) = 0.0002 emu/mol) and LuCuAs2 is a Pauli paramagnet ((300K) = 
0.0017 emu/mol). 
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Fig. 3.4.7: Inverse magnetic susceptibility ()1 as a function of temperature (T) for zero-
field-cooled specimens of LnCuAs2 compounds, measured in the presence of an external 
magnetic field (H) of 5 kOe. In the insets, the shapes of the (T) curves at low temperature are 
shown to highlight the features due to magnetic ordering in each case. An arrow for the Tb 
case is shown to indicate a change in slope at TN.  
 
The temperature dependence of the magnetic susceptibility indicates that CeAgAs2 is 
paramagnetic (fig. 3.4.8). A fit of a Curie-Weiss law (range 50 K  400 K) yields an effective 
magnetic moment eff = 2.37 B and a Weiss parameter p = -10.5(2) K. The effective 
magnetic moment is compatible with the Ce3+ state. A sharp cusp at 5.5(2) K in small external 
fields (H £ 1 kOe) is identified as the antiferromagnetic ordering of the Ce ions. 
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Fig. 3.4.8: Inverse magnetic susceptibility (Hext = 70 kOe) of CeAgAs2 and Curie-Weiss fit  
                 (line) and its extrapolation (dashed line). 
 
3.4.1.3    Heat capacity 
Heat capacities in the low temperature range have been measured for PrCuAs2, NdCuAs2, 
SmCuAs2, GdCuAs2, TbCuAs2, DyCuAs2, HoCuAs2, and ErCuAs2.There is a distinct feature 
due to magnetic ordering, revealed either by a peak (for Sm, Gd, Dy, Ho, Er) in the (T) (fig. 
3.4.7) and C (fig. 3.4.9) and /or a sudden change in the slope of inverse  versus T (for Pr, Nd, 
Tb). These features appear at 4.1, 2.5, 13, 9, 8, 8, 4.4, and 4 K for Pr, Nd, Sm, Gd, Tb, Dy, 
Ho, and Er, respectively. There are additional features (weak upturn) at further lower 
temperatures in most cases, which can be attributed to the presence of traces of paramagnetic 
impurities. 
In order to understand the nature of the magnetic ordering, the isothermal magnetizations (M) 
at selected temperatures in the vicinity of magnetic transition temperatures up to 120 kOe 
have been obtained (See fig. 3.4.10). 
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Fig. 3.4.9: Heat capacity as a function of temperature for LnCuAs2 (Ln = Pr, Nd, Sm, Gd, Tb, 
Dy, Ho, Er). Vertical arrows mark the Néel temperatures, as inferred from the magnetic 
susceptibility data. 
 
In all these compounds M varies with H without any hysteresis even at 1.8 K. A further 
careful look at the plots confirms that all these compounds should be classified as 
antiferromagnets. Another common feature for all the compounds except the cases of Ln = 
Sm and Gd is that, following an initial linear variation of M with H, there is a curvature of the 
plot of M(H) exhibiting metamagnetic like features. The field at which this transition takes 
place depends on the Ln metal; it takes place around 4, 8, 40, 10, 2, and 3 kOe for Pr, Nd, Tb, 
Dy, Ho, and Er, respectively. In the case of Sm and Gd, these features are absent; M varies 
linearly with H. All these features can be explained only if one assumes that the zero-field 
state is antiferromagnetic below respective magnetic ordering temperatures. 
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Fig. 3.4.10: Isothermal magnetization (M) as a function of magnetic field (H) for LnCuAs2 
compounds at selected temperature, the thicker continuous line represents 1.8 K. 
 
Isothermal magnetization loops (fig. 3.4.11) in the antiferromagnetically ordered phase of 
CeAgAs2 reveal a metamagnetic transition starting at 4.6 kOe for T = 1.8 K. The isothermes 
at T = 1.8 K and 3.0 K (not shown in figure 3.4.11) display a small hysteresis while the curves 
for increasing and decreasing field are identical for higher temperatures (T = 4 K, 5 K). The 
virgin curve at T = 1.8 K is almost identical to further curves for increasing field. The 
magnetization reaches 0.92 B in the maximum external field of 70 kOe at 1.8 K. 
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Fig. 3.4.11: Isothermal magnetization loops to ± 20 kOe at 1.8 K (symbol o with lines) and at 
4 K (lines without symbols). The virgin curve for T = 1.8 K is also marked (symbols ´). 
 
3.4.1.4    ESR measurements 
Electron spin resonance (ESR) experiments have been performed on a Bruker ELEXSYS 500 
at X-band frequency (n  = 9.4 GHz). Two different samples of GdCuAs2 have been 
investigated: one single-crystal and a series of fifteen crystals all oriented in the same 
direction. Since the ESR measurement is quite sensitive, one crystal can be enough to 
determine the magnetic properties of the sample. ESR probes the absorbed power P of a 
transversal magnetic microwave field as a function of an external, static magnetic field H. 
Figure 3.4.12 shows a typical ESR spectrum which is recorded as dP/dH vs. H for one single-
crystal of GdCuAs2 which has been oriented with his tetragonal plane parallel to the magnetic 
field. At T = 55 K the signal in question is located at a resonance field of HRes = (3340 ± 20) 
Oe with a linewidth of DH = (1750 ± 50) Oe. The large structure around the signal is due to 
the background of the resonator and of the cryostat. Figure 3.4.13 shows the T dependence of 
the ESR g-factor which was determined by HRes via the resonance condition hn = gmB HRes. 
The steep increase below 30 K is due to magnetic ordering at lower temperatures. At room 
temperature, g is approximately 2 in accordance with the 7/2 ground state of Gd3+. Note that 
the g factor for the series of single-crystals is somewhat higher because of a slight 
misorientation of the crystals to each other.  
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Figure 3.4.12: ESR spectra of GdCuAs2 at 55 K. The light grey line fits the data with two  
                         Lorentzian lines. 
 
A significant kink is visible in both curves at about 70 K. Corresponding kinks can be more 
clearly seen in figure 3.4.14, the plot of the ESR linewidth with the temperature. The kinks 
suggest the occurrence of a phase transition in GdCuAs2 at 70 K. Below 70 K, it was not 
possible to fit the g-factor curve for an uni-axial system indicating, that at least a distortion to 
orthorhombic symmetry occurs. Keeping in mind, that the anisotropic displacement 
parameters of the layer As atoms in this compound (as in all other LnCuAs2) are elongated in 
the layer directions at room temperature and that all Ag and Au compounds are distorted, this 
finding is not unexpected. Unfortunately, it was not possible to determine the low-temperature 
phase during this work, because powder and single-crystal X-ray experiments were restricted 
to temperatures above 100 K. However, the LT- as well as the HT-phase of GdCuAs2 exhibit 
metallic conductivity (cf. figure 3.4.3). 
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Figure 3.4.13: Temperature dependence of the ESR-g-factor. 
 
 
Figure 3.4.14: Temperature dependence of the ESR-linewidth (Half width at half    
                         maximum). 
 
3.4.2      Band structure calculations of LnTAs2 
It has already been pointed out, that a planar square net of atoms is prone for distortion with 
an electronic content of six or more electrons per layer atom and the distortion can be 
classified to be of the Peierls type [92]. As we have seen by applying the Zintl-Klemm 
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concept, this electronic situation is reached for all stoichiometric compounds LnTAs2: 
Ln
3+
T
+As3-As-. Therefore, distortions may be expected for all compounds stated above, but 
are only observed for compounds of the LnAgAs2 and the LnAuAs2 series.  
Hoffmann and Tremel [92a] and Hoffmann [92c] discussed this issue based on an Extended-
Hückel calculation for an isoelectronic square layer of P atoms. They calculated a simplified 
band structure of a regular square net of P atoms and investigated different paths of distortion. 
One of the distortions leads to cis-trans chains of P atoms and occurs in GdSP  a derivative 
of the ZrSSi type. Another distortion with X atoms forming zigzag chains is found in the 
structure of the CeSAs type. If no interaction of the P layer with other structure blocks would 
occur, a metalsemiconductor transition going along with the cis-trans distortion is proposed 
by the authors. Figure 3.4.15 shows the band structure form by px and py orbitals of the 
undistorted 44 net (a) and that of the distorted P net in GdSP (b).  
 
 
Fig. 3.4.15: Band structure of a square planar net of P atoms (a) and of the  
                    P-substructure in GdPS (b) [92a]. 
 
It should be mentioned that: (a) As has an electron configuration s2p4 and thus (b) in the 44 
net of As there are two bands, formed from p-orbitals, that are half filled. 
However, it is not yet clear what kind of distortion is energetically favourable and how the 
band structure of the zigzag chains will look like. If we consider the pz-orbitals of the layer 
atoms to analyze the bonding interactions, we can easily see that the interactions between 
adjacent atoms (1,2-interactions) are equivalent for a half-filled band for both chains: non-
bonding (n.b.), half bonding (b.) and half antibonding (a.b.) leading to degenerated states at 
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the Fermi level (figure 3.4.16a). The 1,3-interactions at EF in both chains are all antibonding 
(a.b.), too. But the 1,4-interactions, which have only to be considered in the cis-trans chain, 
discriminate between the two crystal orbitals et EF (figure 3.4.16b). The two states are not 
degenerated, the band is splitted at EF and a band gap results. Correspondingly, the bands 
build from px and py behave like the band originating from pz. If the chains lie well separated 
in the layer and interchain interactions are small, the cis-trans pattern is thus energetically 
favoured. We also see from the orbital image of the zigzag chain, that no band gap occurs at 
the Fermi level for a half-filled band. Compounds with zigzag chains should therefore exhibit 
metallic conductivity, whereas compounds with cis-trans chains of X atoms should be 
semiconductors. These considerations are completely in accordance with the measured 
resistivity data of LnCuAs2, CeAgAs2, and PrAgAs2. 
 
 
                         (a) zigzag chain                                              (b) cis-trans chain 
 
Figure 3.4.16: Combination of pz-orbitals (a) for a zigzag chain and (b) for a cis-trans chain.  
                         White and black indicate inverse sign of the wave-function. 
 
 
Structural relationships and physical properties of LnTAs2 compounds 
 86 
In order to get some further insight, we examined the band structures, densities of state (DOS) 
and crystal orbital Hamiltonian population (COHP) of undistorted HoCuAs2 and two different 
patterns of distortion, i.e. CeAgAs2 hosting cis-trans chains of As atoms and PrAgAs2 with 
zigzag chains of As atoms. LMTO calculations of the gold compound TbAuAs2 containing 
dumb-bells of As did not converge. Since the 4f-electrons can be viewed as localized in all 
these compounds, band structure, DOS and COHPs were calculated using a hypothetical 
LaAuAs2 adopting the TbAuAs2 structure for reasons of comparison (notice that the real 
structure of LaAuAs2 is different from that of TbAuAs2). 
In figure 3.4.17 the band structure of undistorted HoCuAs2 is presented together with the 
respective DOS curves. The Ln 4f-states fall in the range of the Fermi-level for all compounds 
(between about -1 eV and 1 eV) and make an inspection of the relevant As 4d-bands difficult. 
We will thus focus on the DOS and COHP curves for our discussion. In the DOS curve, the 
interesting As 4p-states are found in the energy range of approximately 6 to 0 eV, together 
with the Cu 3d-states. A certain amount of mixing of the Cu 3d-states with the 4p-states of 
As(1) and As(2) is likely. The maximum DOS value of the layer As(1) atoms is found at 
about 2 eV. All three DOS curves have values close to zero near the Fermi level (EF).  
 
 
 
Fig. 3.4.17: (a) Band structure and (b) density of states (DOS) of HoCuAs2. The Fermi level  
                    has been set to 0. 
 
Figure 3.4.18 gives the band structure and DOS curves of CeAgAs2. The DOS curves for Ag, 
As(1) and As(2) show no significant changes in the vicinity of the Fermi energy. The 
distortion in the As layer leads to some changes in the DOS of the respective atoms, As(3). 
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The maximum DOS peak for the As(3) 4p-states is found at about 1.1 eV (compared to 2 
eV for HoCuAs2). The DOS curve for this atom has values close to zero at EF. 
 
 
 
Fig. 3.4.18: (a) Band structure and (b) density of states (DOS) of CeAgAs2. The Fermi level  
                    has been set to 0. 
 
In figure 3.4.19, the band structure and DOS curves of PrAgAs2 are depicted. Again, like in 
the case of CeAgAs2, the maximum DOS for the layer atoms, As(1), is found at about 1 eV. 
The DOS for the Ag, As(1), and As(2) atoms are close to zero at EF.  
 
 
 
Fig. 3.4.19: (a) Band structure and (b) density of states (DOS) of PrAgAs2. The Fermi level    
                    has been set to 0. 
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Figure 3.4.20 gives the band structure and DOS curves of hypothetical LaAuAs2. Like in the 
case of CeAgAs2 and PrAgAs2 the maximum DOS for the layer atoms, As(1), is found at 
about 1 eV. The DOS for the Ag, As(1), and As(2) atoms are also close to zero at EF.  
 
 
 
Fig. 3.4.20: (a) Band structure and (b) density of states (DOS) of hypothetical LaAuAs2  
                    adopting the TbAuAs2 structure. The Fermi level has been set to 0. 
 
The nature of the bonding in the LnTAs2 compounds can be examined by inspecting the 
Crystal Overlap Hamiltonian Population (COHP). The respective curves are given in figures 
3.4.21 - 3.4.24. Analyzing the curves for HoCuAs2, we see that except for the HoAs and the 
AsAs interactions, no antibonding states are occupied below the Fermi level. In table 3.4.4, 
the integrated COHP (ICOHP) values per bond are listed in order to quantify these findings. 
The ICOHP at the Fermi level can be regarded as a measure of the strength of the bonding 
between two atoms. As can be seen, CuAs and AsAs are the strongest interactions. Notice, 
that the CuCu bonding provides a considerably stabilizing effect, much more as the HoAs 
interactions, e. g.  
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Fig. 3.4.21: Crystal Orbital Hamiltonian Population (COHP) curves for HoCu,  
                    HoAs, CuAs(2), CuCu, and As(1)As(1) for HoCuAs2. 
 
The COHP curves and the ICOHP values for the distorted structures of PrAgAs2 and 
CeAgAs2 are very similar to those of HoCuAs2. For reasons of simplicity we will focus on the 
interactions in the As layers of these examples, figures 3.4.22 to 3.4.24. As discussed before, 
the distortions yield in a splitting of four equidistant AsAs distances into four different ones. 
Naturally, the shorter distances have significantly greater ICOHP values (table 3.4.4). The 
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sum of the ICOHP for the layer atoms in HoCuAs2 is greater than in all distorted 
compounds. Of course, the different lattice parameters due to the different sizes of the coinage 
metal and the rare-earth metal have to be taken into account.  
 
 
 
Fig. 3.4.22: Crystal orbital Hamiltonian population (COHP) curves for the As(3)As(3)  
         interactions in CeAgAs2. 
 
 
Fig. 3.4.23: Crystal orbital Hamiltonian population (COHP) curves for the As(1)As(1)  
         interaction in PrAgAs2. 
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Fig. 3.4.24: Crystal orbital Hamiltonian population (COHP) curves for the As(3)As(3)  
         interactions in hypothetical LaAuAs2. 
 
Tab 3.4.4: ICOHP values [eV/bond] for HoCuAs2, and selected ICOHP values for the As-
As layer interaction in CeAgAs2, PrAgAs2, and hypothetical LaAuAs2. The average value 
d AsAs is calculated for the four AsAs distances in the As layers. 
 
a) HoCuAs2 
 
bond type bond length (Å) ICOHP (eV/bond) 
Ho-As(2) 2.908 0.299 
Ho-As(1) 3.024 0.292 
Ho-Cu 3.223 0.218 
Cu-As(2) 2.504 1.580 
Cu-Cu 2.735 0.430 
As(1)-As(1) 2.735 1.171 
 d AsAs: 2.735 AsAs: 4.684 
 
b) CeAgAs2 
 
bond type bond length (Å) ICOHP (eV/bond) 
As(3)-As(3) 2.556 2.113 
As(3)-As(3) 2.575 2.014 
As(3)-As(3) 3.221 0.130 
As(3)-As(3) 3.218 0.092 
 d AsAs: 2.893 AsAs: 4.347 
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c) PrAgAs2 
bond type bond length (Å) ICOHP (eV/bond) 
As(1)-As(1) 2.562 2.178 
As(1)-As(1) 2.652 1.696 
As(1)-As(1) 3.108 0.305 
As(1)-As(1) 3.182 0.188 
 d AsAs: 2.876 AsAs: 4.367 
 
d) hypothetical LaAuAs2 in the TbAuAs2 structure 
 
bond type bond length (Å) ICOHP (eV/bond) 
As(3)-As(3) 2.581 1.950 
As(3)-As(3) 2.787 0.975 
As(3)-As(3) 2.883 0.676 
As(3)-As(3) 3.079 0.253 
 d AsAs: 2.833 AsAs: 3.854 
 
 
The band structure and DOS curves of all four compounds discusses here look very much 
alike. Significant changes in the distorted structures cannot be made out except for the 
COHPs of the AsAs interactions in the As layers which depend strongly on the interatomic 
distances, of course. An explanation for the stability of the different distorted structure 
patterns cant be extracted and the different electrical transport properties of LnCuAs2 and 
PrAgAs2 on the one hand and CeAgAs2 on the other are not mirrored in the calculations. We 
must thus ascertain, that the LMTO method does not match some of the experimental 
observations; the reasons for that are not clear to us at the moment.  
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3.5          Samarium copper arsenide Sm2Cu3As3  
The syntheses, structures and physical properties of the four isotypic compounds Zr2Ni3P3, 
Zr2Ni3As3, Hf2Ni3P3, and Hf2Ni3As3 have been reported in 1984 [93]. In the crystal structure 
of these compounds, the Ni atoms are tetrahedraly coordinated by P or As atoms, while Zr (or 
Hf) atoms are characterized by two different pnicogen coordinations; octahedra and trigonal 
prisms. In the same work, the possibility of the existence of a new family of compounds 
obtained by substituting parts of zirconium (or hafnium) by rare-earth elements Ln (La, Ce  
Lu), as previously observed for Zr6Ni20P13 was suggested [94]. For the compounds 
crystallizing in the Zr2Ni3P3, the substitution of one of the two Zr atoms is possible and gives 
quaternary compounds such as LnZrNi3P3, which are isostructural to Zr2Ni3P3. In which of the 
two possible sites (octahedron or trigonal prism) the substitution takes place was not reported 
[93]. Trying to substitute the Zr(1) and Zr(2) atoms in Zr2Ni3P3 by rare-earth metals yielded 
the formation of compounds with LnNi2P2 structure-type as major component [93, 95]. Here, 
the first example of a ternary rare-earth copper arsenide crystallizing in the Zr2Ni3P3 structure-
type is reported. 
 
3.5.1       Synthesis 
Single-crystals of Sm2Cu3As3 have for the first time been obtained as a by-product during the 
synthesis of SmCuAs2 in a LiCl/KCl flux. After identification and characterization, single-
crystals of this compound were prepared by direct reaction of the elements Sm, Cu, and As in 
a 2 : 3 : 3 ratio. The samples were slowly heated at 500°C for 1 day and subsequently 
annealed for 10 days at 900°C, followed by cooling to room temperature over 48h. The 
compact product was dark-grey and contained needle-shaped silvery crystals of Sm2Cu3As3, 
which are stable in air for a long period of time. According to the X-ray powder diagram, at 
least two phases have been found in the reaction product, one is Sm2Cu3As3, the other(s) are 
not identified yet. 
 
3.5.2       X-ray investigations 
3.5.2.1    X-ray powder analysis 
The observed powder X-ray diffraction pattern of ground single-crystals agrees very well with 
one calculated from the results of the single-crystal structure refinements. 
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3.5.2.2    Energy dispersive X-ray analysis 
The analyses on several single-crystals indicated the presence of Sm, Cu, and As resulting in a 
overall composition of Sm2.2(1)Cu2.9(1)As3.2(2). No other impurity of flux or other element was 
found.  
 
3.5.2.3    X-ray single-crystal structure determinations 
Precession photographs revealed Laue class mmm and the reflection conditions 0kl: k + l = 2n 
and hk0: h = 2n which is consistent with the orthorhombic space groups Pnma (No. 62) and 
Pna21 (No. 33). A single-crystal was mounted on an Imaging Plate Diffraction System (IPDS-
I). The structure was solved successfully in the centrosymmetric space group Pnma. All atoms 
were refined using anisotropic displacement parameters to conventional R-values of R1 = 
0.029 and wR2 = 0.071. Selected crystallographic data are listed in table 3.5.1. Atomic 
coordinates, site occupancies, and equivalent isotropic displacement parameters U(eq) (Å2 · 
104) for Sm2Cu3As3 are found in table 3.5.2. Selected interatomic distances are given in table 
3.5.3. 
 
Table 3.5.1: Selected crystallographic data for Sm2Cu3As3. 
 
formula Sm2Cu3As3 
crystal system orthorhombic 
space group Pnma (No. 62) 
a   [Å] 13.445(3) 
b   [Å] 4.019(1) 
c   [Å] 11.089(2) 
V  [Å3] 599.2(2) 
Z 4 
temperature     [K] 293(2) 
Rint 0.058 
R1 0.029 
wR2 (all data) 0.073 
goodness-of-fit 1.05 
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Table 3.5.2: Atomic coordinates, site occupancies, and equivalent isotropic displacement 
                      parameters U(eq) (Å2 · 104) for Sm2Cu3As3. 
 
atom site x y z U(eq) 
Sm(1) 4c 0.5022(3) 1/4 0.8407(3) 78(2) 
Sm(2) 4c 0.7947(4) 1/4 0.9347(3) 89(2) 
As(1) 4c 0.3683(1) 1/4 1.0562(3) 78(2) 
As(2) 4c 0.5998(3) 1/4 0.6034(2) 86(3) 
As(3) 4c 0.6436(1) 1/4 0.2422(2) 83(3) 
Cu(1) 4c 0.2786(1) 1/4 0.8562(1) 120(3) 
Cu(2) 4c 0.3319(1) 1/4 0.2726(1) 140(3) 
Cu(3) 4c 0.5121(1) 1/4 0.4022(4) 160(4) 
 
Table 3.5.3: Selected interatomic distances (Å) for Sm2Cu3As3. 
Symmetry operations: 
(i) 1x, 1y, 2z; (ii) 1x, y, 2z; (iii) x, 1+y, z; (iv) x, 1+y, z; (v) 0.5+x, y, 1.5z; (vi) 0.5+x, 
1+y, 1.5z; (vii) 1.5x, 1y, 0.5+z; (viii) 1.5x, y, 0.5+z; (ix) 1x, y, 1z; (x) 1.5x, y, 
0.5+z; (xi) 1.5x, 1y, 0.5+z; (xii) 0.5+x, y, 1.5z; (xiii) 0.5+x, 1+y, 1.5z; (xiv) 0.5+x, 
1+y, 1.5z; (xv) 0.5+x, 1+y, 1.5z; (xvi) 1x, 1y, 1z. 
 
Sm(1)  As(1i, 1ii) 2.894(1)  As(3)  Cu(3) 2.504(2) 
Sm(1)  As(2) 2.941(1)  As(3)  Cu(1, 1iv) 2.515(1) 
Sm(1)  As(3, 3iii)  2.954(1)  As(3)  Cu(2xii) 2.537(2) 
Sm(1)  As(1) 2.991(1)  As(3)  Sm(1iv) 2.954(1) 
Sm(1)  Cu(1) 3.012(1)  As(3)  Sm(2xii, 2xiii) 3.047(1) 
Sm(1)  Cu(2, 2iii)  3.255(1)  Cu(1)  As(2xii) 2.445(2) 
Sm(1)  Cu(3, 3iii) 3.366(1)  Cu(1)  As(3iii) 2.515(1) 
Sm(1)  Sm(1iv) 4.019(1)  Cu(1)  Cu(2xii, 2xiv) 2.665(1) 
Sm(2)  As(1i, 1ii) 2.976(1)  Cu(1)  Sm(2i, 2ii) 3.223(1) 
Sm(2)  As(3v, 3vi) 3.047(1)  Cu(1)  Sm(2xii) 3.232(2) 
Sm(2)  As(2vii, 2viii) 3.090(1)  Cu(2)  As(1ii) 2.450(2) 
Sm(2)  Cu(1i, 1ii) 3.223(1)  Cu(2)  As(3v) 2.537(2) 
Sm(2)  Cu(1v) 3.232(2)  Cu(2)  As(2iv) 2.602(1) 
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Sm(2)  Cu(2viii) 3.284(2)  Cu(2)  Cu(1v, 1xv) 2.665(1) 
Sm(2)  Cu(3v, 3vi) 3.303(1)  Cu(2)  Cu(3) 2.818(2) 
As(1)  Cu(2ii) 2.450(2)  Cu(2)  Sm(1iv) 3.255(1) 
As(1)  Cu(1) 2.525(2)  Cu(2)  Sm(2x) 3.284(2) 
As(1)  Sm(1i, 1ii) 2.894(1)  Cu(2)  Sm(2iv) 3.495(1) 
As(1)  Sm(2i, 2ii) 2.976(1)  Cu(3)  As(2iv) 2.511(1) 
As(2)  Cu(1v) 2.445(2)  Cu(3)  As(2ix) 2.524(2) 
As(2)  Cu(3, 3iii) 2.511(1)  Cu(3)  Cu(3ix, 3xvi) 2.975(2) 
As(2)  Cu(3ix) 2.524(2)  Cu(3)  Sm(2xii, 2xiii) 3.303(1) 
As(2)  Cu(2, 2iii) 2.602(1)  Cu(3)  Sm(1iv) 3.366(1) 
As(2)  Sm(2x, 2xi) 3.090(1)  Cu(3)  Sm(2x) 3.437(2) 
 
 
3.5.3       Structure description and discussion 
Sm2Cu3As3 crystallizes in the orthorhombic space group Pnma with cell dimensions of a = 
13.445(2) Å, b = 4.019(1) Å, c = 11.089(2) Å, V = 599.2(2) Å3, and four formula unit per unit 
cell. A polyhedral representation of the crystal structure of Sm2Cu3As3 is displayed in figure 
3.5.1. The structure is composed of two kinds of layers denoted slab A and slab B in the 
figure. Figure 3.5.2 shows that a layer of slab B is composed of pairs of [Sm(1)As6] octahedra 
alternating with pairs of [CuAs4] tetrahedra in the fashion oct  oct  tet  tet. A layer of slab 
A is built up from pairs of [CuAs4] tetrahedra alternating with [Sm(2)As6] trigonal prisms in 
the fashion tet  tet  tp.. The polyhedra of slab A and those of slab B are connected through 
edge sharing to give a sequence A  B  A  B parallel to the c axis. The structure of 
Sm2Cu3As3 shares some common structural features with those of ZrP2 [96] and UI3 [97]. In 
ZrP2, the ZrP6 prisms have a common edge between the A and B layers and are separated 
from each other in the same layer by two unoccupied phosphorus tetrahedral sites. However, 
in UI3 the sequence between the A and B layer is oct  tet  oct  tet. An alternation of pairs 
of octahedra and pairs of tetrahedra in the fashion oct  oct  tet  tet is also found in 
NaCuZrQ3 (Q = S, Se, Te) [98] compounds. 
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Fig. 3.5.1: Polyhedral representation of the structure of Sm2Cu3As3. 
 
 
Fig. 3.5.2: Alternation of the polyhedra (slab A, slab B) in Sm2Cu3As3. 
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Alternatively, the structure of Sm2Cu3As3 can be described based on the AsCu distances. 
Considering only the AsCu distances up to 2.601(1) Å, the structure exhibits three-
dimensional tunnels comprising six-membered rings of three Cu and three As atoms and 
twelve-membered rings of six Cu and six As atoms. One Sm atom is situated in the channel of 
six-membered rings and two Sm atoms are located in the channel of twelve-membered rings 
(fig. 3.5.3). 
The AsCu distances range from 2.445(2) Å to 2.602(1) Å and are in good agreement with 
those in the binary Cu2As (2.413(2)  2.673(2) Å) [99] and ternary LnCu1+dAs2 (2.515 ± 0.005 
Å) compounds. The interatomic distances between the Cu atoms equals 2.665(1) Å for Cu(1)
Cu(2), 2.818(2) Å for Cu(2)Cu(3), and 2.975(2) Å for Cu(3)Cu(3) and are slightly longer 
than those observed in Cu metal (2.56 Å) [100]. However, some are similar to the distances 
observed in the ternary copper arsenides. For example, the CuCu distances distances in 
Cu2As [99] and BaCu6As2 [101] are in the range of 2.613(2)  2.632(1) Å and 2.559(1)  
2.978(1) Å, respectively. 
 
 
Fig. 3.5.3: Three-dimensional crystal structure of Sm2Cu3As3. 
 
The Sm(1) atoms have six As atoms as nearest neighbors at distances between 2.894(1) Å and 
2.991(1) Å forming an octahedron. In addition there are five Cu atoms in a second 
coordination sphere at distances between 3.012(1) Å and 3.336(1) Å and one Sm atom at a 
distance of 4.019(1) Å. The Sm(2) atoms are also coordinated by six As atoms at distances 
between 2.976(1) Å and 3.090(1) Å, but in a trigonal prismatic arrangement. Additionally, six 
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Cu atoms surround the Sm(2) atoms at distances between 3.223(1) Å and 3.303(1) Å. The Cu 
atoms occupy three crystallographic sites. All are tetrahedrally coordinated by As atoms at 
distances between 2.445(2) and 2.602(1) Å. In addition to the four As neighbors, the Cu(1) 
atoms have two Cu atom at a distance of 2.665(1) Å and four Sm atoms at distances between 
3.012(1) Å and 3.232(2) Å. The Cu(2) atoms have three Cu atoms as neighbors at distances 
between 2.665(1) Å and 2.818(2) Å and five Sm neighbors at distances between 3.255(1) Å 
and 3.495(1) Å. However, three Cu atoms at distances between 2.818(2) Å and 2.975(2) Å 
and five Sm atoms at the distances between 3.303(1) and 3.437(2) Å complete the 
coordination sphere of Cu(3) atoms. Of the three As atoms, the As(1) atoms are coordinated 
by five Sm atoms and two Cu atoms in a bicapped pyramidal arrangement. The As(2) atoms 
have four Cu atoms and two Sm atoms in a trigonal prism which is capped by two Cu atoms 
and one Sm atom forming a tricapped trigonal prism. Finally, As(3) atoms are surrounded by 
four Sm atoms and two Cu atoms in a trigonal prism, two additional Cu atoms cap two faces 
of the prism to form a bicapped trigonal prism. The coordination polyhedra of all atoms are 
show in figure 3.5.4. 
Since there are no short AsAs distances in the structure, the compound can electronically be 
described as (Sm3+)2 (Cu+)3 (As3-)3 in accordance with the Zintl-Klemm concept. 
The synthesis of Sm2Cu3As3 points to the existence of a potentially rich class of ternary rare-
earth transition metal arsenides whose structures can be built up by combination of building 
blocks of tetrahedra, trigonal prisms and octahedra [102]. Since the rare-earth metals are 
found in two different six-fold coordinations. It may be interesting to investigated their 
luminescence and magnetic behavior. 
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Fig. 3.5.4: Coordination polyhedra found in Sm2Cu3As3. 
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3.6          Sm2CuAs3O 
To date several quaternary lanthanide or alkaline earth transition metal pnictide oxides 
crystallizing in some closely related atomic arrangements have been reported. The following 
table describes the present state of research in more detail. 
 
Table 3.6.1: Quaternary rare-earth or actinide transition metal pnictide oxides. 
compounds space group structure-type 
lattice 
parameters reference 
LnMnXO (Ln = Y, La  Nd, Sm, 
Gd  Dy, U ; X = P, As, Sb) 
P4/nmm 
ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å 
[103] 
LnTPO (Ln = La  Nd, Sm, Gd;  
T = Fe, Ru, Co) 
P4/nmm 
ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å  
[104] 
UCuPO P4/nmm ZrCuAsSi type [39] 
a = 3.793(1) Å 
c = 8.233(2) Å [105] 
LnZnSbO (Ln = La  Nd, Sm) P4/nmm ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å  
[106] 
ThCu1xPO; ThCuAsO 
P4/nmm 
ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å 
[107] 
LnZnXO (Ln = Y, La  Nd, Sm, 
Gd  Tm ; X = P, As) 
P4/nmm 
ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å 
[108] 
LnTAsO (T = Fe, Ru, Co) P4/nmm ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å  
[109] 
LaAgSO P4/nmm LaAgSO type [110] 
a = 4.050(2) Å 
c = 9.039(3) Å [110] 
CeMn0.5SeO 
P4/nmm 
LaAgSO type [110] 
a = 4.026(7) Å 
c = 9.107(2) Å [111] 
LnCuSeO (Ln = Y, La, Sm, Gd) P4/nmm ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å 
[112] 
LnCuQO (Ln = Bi, La  Nd, Sm, 
Gd, Dy; Q = S, Se, Te) 
P4/nmm 
ZrCuAsSi type [39] 
a  »  4 Å 
c  »  9 Å 
[113] 
Ln3Cu4P4O2-x  
(Ln = La  Nd, Sm) 
I4/mmm 
Zr3Cu4Si6 type  [115] 
a  »  4 Å 
c  »  26 Å 
[114] 
Th2Ni3xP3O 
P4/nmm 
Th2Ni3xP3O type 
a = 3.946(4) Å 
c = 17.232(2) Å [107] 
U2Cu2As3O P4/nmm 
a = 3.911(2) Å 
c = 17.916(4) Å [116] 
A2Mn3X2O2 (A = Sr, Ba; 
X = P, As, Sb, Bi) 
I4/mmm 
Sr2Mn3As2O2 type 
a  »  4 Å 
c  »  20 Å 
[117] 
A2Zn3As2O2 (A = Sr, Ba) 
I4/mmm 
Sr2Mn3As2O2 type 
a  »  4 Å 
c  »  19 Å 
[118] 
LnZnPO  
(Ln = Y, Pr  Sm , Gd  Tm) mR3  
a  »  4 Å 
c  »  30 Å 
[108] 
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Their structures are built up by stacking of PbO-like layers of lanthanide and oxygen atoms 
and PbO-like layers of transition metal and pnicogen or chalcogen atoms, respectively. These 
two structural units are sometimes separated by square planar layers of pnicogen atoms. The 
majority of these compounds were originally synthesized without intentional addition of 
oxygen. 
In the Ln/Cu/As/O system, no quaternary oxides have been discovered up to now. Here we 
report the crystal structure of a new compound, Sm2CuAs3O, and compare its structure to the 
oxides given in table 3.6.1 and the compounds LnTAs2 of chapter 3.2. 
 
3.6.1       Synthesis 
Crystals of Sm2CuAs3O were obtained as a by-product during the synthesis of the ternary 
samarium copper arsenide SmCuAs2 starting from the elements in an alkali-halide flux 
without intentional addition of oxygen. The samples were heated at 500°C for 1 day and then 
heated to 850°C. After 7 days the ampoule was cooled down to room temperature 
(0.05°C/min) and opened. The flux was removed with water and the reaction products 
(SmCuAs2 and Sm2CuAs3O) were washed with ethanol. Air stable grey crystals of 
Sm2CuAs3O were found under these conditions. Attempts to synthesize Sm2CuAs3O from 
Sm, CuO, and As or Sm, Cu, As2O3 and As were not successful. The oxygen incorporated in 
Sm2CuAs3O is supposed to come from the silica tubes; all crystals of this compound were 
found on the inside container walls on top of the flux material. 
 
3.6.2       X-ray investigations 
3.6.2.1    Energy dispersive X-ray analysis 
EDX analyses confirmed the presence of Sm, Cu, As and O resulting in a overall composition 
of Sm1.9(1)Cu1.2(1)As3.3(1)O1.1(1) One spectrum of a Sm2CuAs3O crystal is shown in fig. 3.6.1. 
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Fig. 3.6.1: EDX spectrum of Sm2CuAs3O. 
 
3.6.2.2    X-ray single-crystal structure determinations 
Precession photographs for hk0 and h0l showed Laue symmetry mmm and the reflection 
conditions (0kl: k + l = 2n ; hk0: h = 2n) are consistent with the orthorhombic space groups 
Pnma and Pna21. 
 
 
Fig. 3.6.2: hk0 and h0l layers of Sm2CuAs3O. 
 
After that, a single-crystal with dimensions 0.08 × 0.07 × 0.01 was used for data collection on 
an IPDS-I. The structure was solved and refined successfully in the centrosymmetric space 
group Pnma. Except for the oxygen atom, all atoms were refined with anisotropic 
displacement parameters. The refinement of the occupancy parameters showed the oxygen to 
be fully occupied in the compound. Selected crystallographic data are listed in table 3.6.2. 
Atomic coordinates, site occupancies, and equivalent isotropic displacement parameters U(eq) 
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(Å2 · 104) for Sm2CuAs3O are presented in table 3.6.3. Selected interatomic distances and 
angles are given in table 3.6.4. 
 
Table 3.6.2: Selected crystallographic data for Sm2CuAs3O. 
 
formula Sm2CuAs3O 
crystal system  orthorhombic 
space group Pnma (No. 62) 
a   [Å] 34.469(1) 
b   [Å]  3.948(1) 
c   [Å] 3.984(1) 
V  [Å3] 541.9(2) 
Z 4 
temperature   [K] 293(2) 
Rint 0.054 
R1 0.027 
wR2 (all data) 0.067 
goodness-of-fit 1.06 
 
Table 3.6.3: Atomic coordinates, site occupancies, and equivalent isotropic displacement 
                          parameters U(eq) (Å2 · 104) for Sm2CuAs3O. 
 
atom sites x y z U(eq) 
Sm(1) 4c 0.3244(2) 1/4 -0.1879(1) 75(3) 
Sm(2) 4c 0.4665(2) 1/4 0.2509(1) 57(3) 
Cu 4c 0.2499(5) 1/4 0.3129(4) 119(4) 
As(1) 4c 0.2052(1) 1/4 0.8125(4) 77(4) 
As(2) 4c 0.3945(4) 1/4 0.7502(4) 91(4) 
As(3) 4c 0.3931(4) 3/4 0.3349(4) 102(4) 
O 4c 0.4998(3) 1/4 0.750(2) 72(1) 
 
Table 3.6.4: Selected interatomic distances (Å) and angles for Sm2CuAs3O. 
Symmetry operations: 
(i) 0.5-x, -y, -1.5+z; (ii) 0.5-x, 1-y, -1.5+z; (iii) 0.5-x, 1-y, -0.5+z; (iv) 0.5-x, -y, -0.5+z; 
(v) x, 1+y, -1+z; (vi) x, y, -1+z; (vii) x, 1+y, z; (viii) 1-x, -y, 1-z; (ix) 1-x, -1-y, 1-z; (x) 
1-x, -y, -z; (xi) 1-x, -1-y, -z; (xii) 0.5-x, 1-y, 0.5+z; (xiii) 0.5-x, -y, 0.5+z; (xiv) x, y, 1+z; 
(xv) 0.5-x, 1-y, 1.5+z; (xvi) 0.5-x, -y, 1.5+z; (xvii) x, -1+y, 1+z; (xviii) x, -1+y, z; (xix) x, 
1+y, 1+z. 
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Sm(1)  As(1i, 1ii, 1iii, 1iv) 2.981(1)  Cu  Sm(1xii, 1xiii)  3.235(2) 
Sm(1)  As(3v) 3.037(2)  Cu  Sm(1xiv) 3.246(2) 
Sm(1)  As(2v, 2vi) 3.128(1)  As(1)  Cu(xii, xiii)  2.508(1) 
Sm(1)  As(3vii) 3.154(2)  As(1)  Cuxiv 2.523(2) 
Sm(1)  Cu(iii, iv) 3.235(2)  As(2)  As(3, 3vii) 2.575(2) 
Sm(1)  Cuvi 3.246(2)  As(2)  As(3xix) 3.053(2) 
Sm(1)  Cu 3.250(2)  As(2)  Sm(1xiv, 1xvii)  3.128(1) 
Sm(2)  O(viii, ix) 2.289(5)  As(2)  Sm(2xiv) 3.186(2) 
Sm(2)  O 2.295(9)  As(3)  As(2xviii) 2.575(2) 
Sm(2)  Ovi 2.301(9)  As(3)  Sm(1xvii) 3.037(2) 
Sm(2)  As(2, 2vi) 3.183(2)  As(3)  Sm(1xviii) 3.154(2) 
Sm(2)  As(3, 3vii) 3.227(1)  As(3)  Sm(2xviii) 3.227(1) 
Sm(2)  Sm(2viii, 2ix) 3.627(1)  O  Sm(2viii, 2ix) 2.289(5) 
Sm(2)  Sm(2x, 2xi) 3.634(1)  O  Sm(2xiv) 2.301(9) 
Cu  Cu(iii, iv, xii, xiii) 2.804(2)  Cu  As(1iii, 1iv) 2.508(1) 
As(1)  Sm(1xii, 1xiii, 1xv, 1xvi) 2.984(1)  Cu  As(1, 1vi) 2.520(2) 
 
 
As(1iii)  Cu  As(1iv) 103.77(1) 
As(1iii)  Cu  As(1) 112.29(1) 
As(1iv)  Cu  As(1) 112.29(1) 
As(1iii)  Cu  As(1vi) 112.20(1) 
As(1iv)  Cu  As(1vi) 112.20(1) 
As(1)  Cu  As(1vi) 104.35(8) 
Sm(2viii)  O  Sm(2ix) 119.10(1) 
Sm(2viii)  O  Sm(2) 104.59(1) 
Sm(2ix)  O  Sm(2) 104.59(1) 
Sm(2viii)  O  Sm(2xiv) 104.70(1) 
Sm(2ix)  O  Sm(2xiv) 104.70(1) 
Sm(2)  O  Sm(2xiv) 120.15(3) 
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3.6.3       Structure description and discussion 
Sm2CuAs3O crystallizes in the orthorhombic space group Pnma with lattice parametres of a = 
34.469(1) Å, b = 3.948(1) Å, c = 3.984(1) Å, and Z = 4. A view down the b axis of the 
structure of Sm2CuAs3O is shown in figure 3.6.3. The crystal structure consist of edge sharing 
[As(1)Cu4] tetrahedra and edge sharing [OSm(2)4] tetrahedra, forming PbO-like layers blocks. 
These two blocks are separated by planar layers of Sm(1) atoms and planar zigzag chains of 
arsenic atoms.  
 
 
Fig. 3.6.3: Crystal structure of Sm2CuAs3O. 
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The Sm(2)OSm(2) bond angles are 120.2°(2×) and 104.6°(4×). The As(1)CuAs(1) bond 
angles are 103.8°(1×), 104.4°(1×), and 112.3°(4×) proving that the tetrahedra are distorted. 
The layers of [As(1)Cu4] tetrahedra are built up from a square net of Cu atoms at a distance of 
2.804(2) Å that are capped alternatively above and below the plane by As atoms. 
The CuAs bond distances range from 2.508(1) to 2.520(2) Å, distances, which can be 
compared to those of 2.539(2) Å found in U2Cu2As3O [116] and in the LnCu1+dAs2 series. The 
SmO distances range from 2.289(5) Å to 2.301(9) Å. These distances are slightly shorter 
than the average SmO distance of 2.411(1) Å in Sm2O3 [119], and similar to the SmO 
distance of 2.300(1) Å found in Sm2O2Te1xSex [120]. 
 
 
 
Fig. 3.6.4: Layers of As atoms. 
 
In contrast to many other ternary lanthanide transition metal pnictides and quaternary pnictide 
oxides reported in table 3.6.1, parallel zigzag chains of As atoms rather than planar square 
layers are found in Sm2CuAs3O (fig. 3.6.4). In fact, this compound is the first example of a 
quaternary transition metal pnictides oxide containing distorted zigzag chains of pnictides 
atoms. The AsAs distances within the parallel zigzag chains are 2.575(2) Å; other 
compounds with arsenic zigzag chains having similar bond distances are SmAsS (2.552(1) Å) 
[43, 44], GdAsSe (2.662(2) Å) [50], SmAsTe (2.600(1) Å) [53], and PrAgAs2 (2.591(3) Å) 
[32]. The inter-chain AsAs distance is equal to 3.053(2) Å. 
Fig. 3.6.5 shows the coordination polyhedra of all atoms in the structure. The two Sm atoms 
have different coordination environments. Sm(1) is located in a square antiprism of As atoms 
at distances between 2.981(1) and 3.154(2) Å. Four Cu atoms at distances between 3.235(2) 
and 3.250(2) Å, not depicted in fig. 3.6.5, cap the antiprism. Sm(2) has four Sm atoms 
neighbors at distances between 3.627(1) and 3.634(1) Å and four As atoms neighbors at 
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distances between 3.183(2) and 3.227(1) Å forming a distorted square antiprism. Four O 
atoms at distances ranging from 2.289(5) Å to 2.301(9) Å could be considered as completing 
the coordination sphere.  
The Cu atoms are coordinated by four As(1) atoms at distances between 2.508(1) and 
2.520(2) Å in a tetrahedral arrangement. This coordination is augmented by four Cu 
neighbors forming a square (CuCu = 2.804(2) Å) and four Sm(1) atoms forming an 
elongated tetrahedron (Sm(1)Cu = 3.235(2)  3.250(2) Å). Of the three different As atoms, 
the As(2) and As(3) atoms have similar coordination spheres, each with four Sm atoms in an 
elongated tetrahedron. Four As atoms in a square complete the coordination polyhedra. 
However, As(1) has four Sm(1) atom and four Cu atom neighbors in a square antiprismatic 
arrangement. Finally, the O atom is situated in a tetrahedral site formed by Sm(2) atoms. 
 
 
 
Fig. 3.6.5: Coordination polyhedra of the atoms in Sm2CuAs3O. 
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To analyze the chemical bonding, we can apply the Zintl-Klemm concept again. We can 
consider Sm as trivalent and Cu as monovalent with oxygen as O2- and considering the 
bonding interaction between the As(2) and As(3) atoms in the zigzag chains leading to a 
reduction in the oxidation number of these arsenic atoms, we can assign the oxidation number 
1 for As(2) and As(3) and 3 for As(1) atoms. Thus the formula may be written as 
(Sm3+)2Cu+(As1-)2As3-O2-. This compound should be semiconducting considering the grey 
color of the crystals. 
 
Structural relationships 
The crystal structure of Sm2CuAs3O shares some common structural features with the phases 
SmAgAs2 [32] and Hf2CuGe4 [115] reported previously. As can be seen in fig. 3.6.6, a block 
called A built up from layers of edge-sharing XT4 tetrahedra and layers of rare-earth or Hf 
atoms, both separated by layers of X atoms appears in all of the three structures. Zigzag chains 
of As are observed in SmAgAs2 and Sm2CuAs3O, in contrast to the Hf2CuGe4 structure, 
where the Ge atoms form a square layer. For Sm2CuAs3O and Hf2CuGe4, the structures can 
be viewed as intercalations of Sm2O2 layers (B block) and Hf2Ge2 layers (C block) into the 
SmAgAs2 structure giving the sequence B  A  B  A and C  A  C  A. 
 
 
 
Fig. 3.6.6: Comparison of the structures of SmAgAs2, Sm2CuAs3O and Hf2CuGe4. 
Quaternary copper arsenide oxide Sm2CuAs3O 
 110
In a group of similar compounds, Cava et al. [114] showed that some previously described 
pnictide oxides, ThCuAsO, Th2Ni3P3O [107], La3Cu4P4O2 [114], and LaNi2P2 [23] form a 
homologous series, generated by layers of M2O2-T4X with the ZrCuAsSi structure-type and 
layers of LaNi2P2 with ThCr2Si2 structure-type. The relation between these compounds was 
established by the formula: 
(M2O2T2X2)m·(MT2X2)n, 
where M is a rare-earth metal, T is a transition metal, X is an element of group 15, and O is 
oxygen. Members of the series have been observed for m = 1 and n = 0, 1, 2, and   as shown 
in the figure 3.6.7. Examples are: 
for n = 0, ThCuAsO (ZrCuAsSi type), 
for n = 1, the ThCr2Si2 structure-type, 
for n = 2, the Th2Ni3P3O structure-type, two blocks of ThCr2Si2 type are separated 
by layers of Th2O2 in the sequence 2E  B  2E. 
No examples are known for m  1 and 2 < n < ¥ 
 
 
 
Fig. 3.6.7: Comparison of the structures of ThCuAsO, La3Cu4P4O2, Th2Ni3P3O and LaNi2P2. 
 
 
Quaternary rare-earth transition metal pnictide oxides continue to be a source of variety and 
interesting structures. Their structures are related to a large family of tetragonal structures of 
which the ThCr2Si2, the HfCuSi2, and the CaGe2Be2 type are known best. Many of these 
compounds have been prepared through the accidental introduction of oxygen as an impurity. 
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The different compositions observed in some compounds result from different stacking 
sequences of the structural units. Another interesting feature characteristic of Sm2CuAs3O is 
the layer of arsenic atoms coupled to each other by a strong covalent zigzag interaction. 
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3.7          Gd3CuSe6 
Ternary rare-earth transition metal selenides of the general formula Ln3TSe6 (Ln = Sm, Gd, 
Tb; T = In, Cr) have been reported recently [121]. The three-dimensional structure of these 
compounds contain bicapped [LnSe8] trigonal prisms and [TSe6] octahedra. More recently, 
Sm3CuSe6 [122] has been synthesized as the first example of this composition with a coinage 
metal. The structure contains [Se2]2- dumb-bells as one characteristic building unit. 
 
3.7.1       Synthesis 
Reaction mixtures of Gd, Cu, and Se (molar ratio: 1 : 2 : 2) were loaded in a quartz ampoule 
together with a 1:1 mixture of LiCl/KCl. The sealed ampoule was placed in an oven and 
heated to 450°C for 1 day and then to 700°C. After 14 days the ampoule was cooled down to 
room temperature at 3°C/h, opened and the flux was rinsed with water and ethanol. Air stable 
grey needles crystals of Gd3CuSe6 were found.  
 
3.7.2       X-ray investigations 
3.7.2.2    Powder X-rays analysis 
X-ray powder analysis has been done on ground crystal. The observed powder pattern is in 
good agreement with the one calculated from the results of the crystal structure solution. 
 
 
 
Fig. 3.7.1: Observed and calculated powder diagram of Gd3CuSe6. 
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3.7.2.1    Energy dispersive X-ray analysis 
EDX analyses reveal the existence of three elements resulting in a overall composition of 
Gd3.2(1)Cu0.9(1)Se6.3(1). No impurity of flux or other element was found.  
 
3.7.2.3    X-ray single-crystal structure determinations 
X-ray diffraction data were collected on an IPDS-I diffractometer. The reflection conditions 
indicated the orthorhombic space group Pbcm (No. 57). The refinement of the site occupancy 
for the copper atom revealed that this site is only half occupied. An occupancy of the same 
magnitude has been found for the Cu position in Sm3CuSe6 [122]. Moreover, the Ueq for Cu is 
quite large and considerable residual electron density has been found close to this position. To 
adapt this, Fourier maps around the Cu position were calculated using the crystallographic 
program package JANA2000 [P9]. 
 
Fig. 3.7.2: Fourier section around the Cu atom. Two maxima of the electron density can 
                  clearly be seen. 
 
The fourier map around the Cu atom shown in figure 3.7.2 exhibits a non-spherical electron 
density with two distinct maxima and a mimimum between them. This behavior can best be 
described by introducing one Cu atom on the position -0.1079, 1/4, 1/2 (Wyckoff site 4c) and 
to refine its displacement parameters anharmonically. The results of these refinements are 
given in table 3.7.1. Note, that an interpretation of the two maxima in a split atom model with 
one Cu atom (50% occupancy) on Wyckoff site 8e (-0.105, -0.704, 0.473 and -0.105, 0.790, 
0.527) results in a reasonable structure model as well (shown in figure 3.7.3). However, 
additional residual electron density up to 7 e/Å3 is found in (-0.1079, 1/4, 1/2) if Wyckoff site 
8e is occupied. The unit cell contains 12 Sm3+, 16 isolated Se2, and 4 Se22 dumb-bells. 
Therefore, only 4 Cu+ are needed for charge balancing since we presumably deal with a 
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semiconductor. A second data set was recorded at 170 K to check if we deal with a statistical 
disorder or a thermal dislocation of the copper atoms. Neither hints for symmetry reduction in 
the low temperature data set nor ordering of Cu positions have been observed. In contrast, we 
find, that the electron density distribution remains unchanged at this temperature. Therefore 
dynamic disorder can be neglected for Gd3CuSe6. A model with split positions shown the 
same site occupancies as found for the room temperature data set (the results of the split 
model is not displayed here). Note, that for the isostructural Tb3CuSe6 a ordering of the Cu 
positions at low temperatures has been observed recently in contrast to our results for 
Gd3CuSe6 [123]. Some crystal data are given in table 3.7.1. Atomic coordinates, site 
occupancies, and equivalent isotropic displacement parameters U(eq) (Å2 · 104) for Gd3CuSe6 
are found in table 3.7.2. Table 3.7.3 gives the bond distances.  
  
Table 3.7.1: Selected crystallographic data for Gd3CuSe6. 
formula Gd3CuSe6 
crystal system orthorhombic 
space group Pbcm (No. 57) 
a   [Å] 7.107(1) 
b   [Å] 7.797(2) 
c   [Å] 16.897(3) 
V  [Å3] 936.2(3) 
Z 4 
temperature    [K] 293(2) 
Rint 0.087 
R1 0.028 
wR2 (all data) 0.066 
goodness-of-fit 2.02 
 
Table 3.7.3: Atomic coordinates site occupancies, and equivalent isotropic displacement 
                     parameters U(eq) (Å2 · 104) for Gd3CuSe6. 
atom site occupancy x y z U(eq) 
Gd(1) 8e 1 0.2642(1) 0.0588(1) 0.5885(3) 96(1) 
Gd(2) 4d 1 -0.2353(1) -0.0555(1) 3/4 92(2) 
Se(1) 4d 1 0.1218(1) 0.0986(1) 3/4 93(4) 
Se(2) 8e 1 0.1135(1) 0.0935(1) 0.4177(1) 90(3) 
Se(3) 4c 1 0.5677(1) 1/4 1/2 86(4) 
Se(4) 8e 1 0.5746(1) 0.2525(1) 0.6762(1) 93(3) 
Cu 4c 1 -0.1079(8) 1/4 1/2 129(3) 
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Table 3.7.3: Selected interatomic distances (Å) in Gd3CuSe6. 
Symmetry operations: 
(i) -x, -y, 1-z; (ii) x, 0.5-y, 1-z; (iii) 1-x, -y, 1-z; (iv) 1-x, -0.5+y, z; (v) -x, -0.5+y, z; 
(vi)-x, -y, 0.5+z; (vii) -1+x, y, z; (viii) -1+x, y, 1.5-z; (ix) -x, -0.5+y, 1.5-z; (x) x, y, 1.5-z; 
(xi) 1+x, y, z. 
 
Gd(1)  Se(1) 2.927(1)  Gd(1)  Cui 3.045(2) 
Gd(1)  Se(2) 3.091(1)  Gd(2)  Se(1) 2.808(1) 
Gd(1)  Se(2i) 2.937(1)  Gd(2)  Se(1v) 2.815(1) 
Gd(1)  Se(2ii) 2.917(1)  Gd(2)  Se(2i, 2vi) 2.978(1) 
Gd(1)  Se(3) 3.018(1)  Gd(2)  Se(4vii, 4viii) 3.025(1) 
Gd(1)  Se(3iii) 3.076(1)  Gd(2)  Se(4v 4ix) 3.100(1) 
Gd(1)  Se(4) 3.056(1)  Se(2)  Cu 2.429(4) 
Gd(1)  Se(4iv) 3.034(1)  Se(3)  Cuxi 2.305(6) 
Gd(1)  Cu 3.385(4)  Se(4)  Se(4x) 2.494(1) 
 
 
3.7.3       Structure description and discussion 
Gd3CuSe6 is isostructural to Sm3CuSe6 [122] and crystallizes in the orthorhombic space group 
Pbcm (No. 57). It forms a three-dimensional structure built up from bicapped [LnSe8] trigonal 
prisms and [CuSe4] tetrahedra. The idealized crystal structure is displayed in fig. 3.7.3. 
 
 
Fig. 3.7.3: Crystal structure of Gd3CuSe6; the non-harmonic electron density is interpreted as  
                   two distinct copper positions here. 
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Fig. 3.7.4: Layers of type A projected along [001]. 
 
As pointed out before [Se2]2 dumb-bells occur; the distances in the dumb-bells are dSeSe = 
2.494(1) Å. These distances agree well with SeSe distances of 2.45  2.47 Å in Rb2Se2 
[124], 2.48 Å in PrSe2 [125], 2.49 Å in SmSe1.9 [126]. Each [Se2]2 dumb-bells in the 
structure is surrounded by six Sm atoms in a distorted octahedron (fig. 3.7.5).  
 
 
Fig. 3.7.5: Distorted octahedron formed by Gd atoms. 
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One copper atom is statistically distributed over two tetrahedral sites. This copper is 
surrounded by four Se atoms at distances between 2.305(6) and 2.429(4) Å. The four Se 
atoms form a distorted tetrahedron, two tetrahedra are connected via a common face. The 
bitetrahedra are linked via common edges to give one-dimensional infinite chains along b (fig. 
3.7.3). The CuSe distances are similar, for example, with those of 2.459(3)  2.589(1) Å in 
K2Dy4Cu4Se9; 2.469 Å in KGd2CuSe4; 2.480(2)  2.577(2) Å in BaLaCuSe3 [127]; 2.550(1) 
Å in CuSe2 [128].  
There are two crystallographically independent Gd atoms in the cell. Both are coordinated by 
eight Se atoms in a bicapped trigonal prismatic arrangement (fig. 3.7.6). The Gd(1)Se 
distances are (2.917(1)  3.091(1) Å) and the Gd(2)Se distances range from 2.808(1) to 
3.100(1) Å, these distances are in the same range than the distances of 2.882(1)  3.184(1) Å 
for GdSe in Gd8Se15 [129]; 2.851(1)  2.946(1) Å in KGd2CuSe4, and 2.732(1)  3.032(1) Å 
in Gd2Se3 [130]. 
 
 
 
Fig. 3.7.6: Coordination polyhedra of the Gd atoms. 
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3.8          Quaternary rare-earth potassium selenides 
A family of compounds containing an f-block metal, usually a rare-earth metal (Ln), a d-block 
metal (T), a chalcogen (Q = S, Se, Te) and a s-block metal, usually an alkali metal (A = K, Rb, 
Cs) has recently been synthesized [131, 132] by the reactive flux method. These compounds 
crystallise in a variety of structure-types. In the particular case of the phases ALn2CuQ4, 
ALn2T3Q5 (M = Cu, Ag), and A2Ln4Cu4Q9, the compounds found to date are listed in the table 
below. 
 
Table 3.8.1: State of research concerning ALn2CuQ4, ALn2T3Q5 (T = Cu, Ag), and 
                               A2Ln4Cu4Q9 phases. 
compounds structure-type 
ALn2CuQ4 (Ln = La, Nd, Sm, Gd, Dy; 
A = Rb, Cs; Q = S, Se) [61, 62, 131, 132] 
KGd2CuS4 [60, 131, 132] 
ALn2T3Q5 (Ln = Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu; 
T = Cu, Ag; Q = S, Se) [61, 62, 131, 133, 134] 
RbSm2Ag3Se5 [61, 131] 
A2Ln4Cu4S9 (Ln = Gd, Dy, Ho; A = K, Rb) 
[62, 131, 132] 
Rb2Gd4Cu4S9 [61, 131] 
 
Here we report the syntheses and the structures of the six new compounds KGd2CuSe4, 
KHo2Cu3Se5, KEr2Cu3Se5, KTm2Cu3Se5, K2Dy4Cu4Se9, and K2Y4Cu4Se9 crystallising in one 
of the structure-types given in table 3.8.1. 
 
3.8.1       Syntheses 
Reaction mixtures of the rare-earth metals (Y, Gd, Er, Ho, Dy, Tm), Cu, and Se (molar ratio: 
1 : 2 : 2) were loaded into a quartz ampoule together with a 1:1 mixture of LiCl/KCl. The 
ampoules were heated at 450°C for 1 day and then to 700°C. After 14 days the ampoules were 
cooled to room temperature at 3°C/h, and opened. The flux was rinsed with water and ethanol 
leaving red or orange needle shaped crystals. 
 
3.8.2 X-ray investigations 
3.8.2.1    Energy dispersive X-ray analyses 
Energy dispersive X-ray analyses showed that all crystals contained potassium in addition to 
the three elements Ln, Cu, and Se. One example K0.98(1)Er1.97(1)Cu3.10(1)Se5.20(1) is shown in 
figure 3.8.1. 
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Fig. 3.8.1: EDX spectrum of KEr2Cu3Se5. 
 
3.8.2.2    X-ray single-crystal structure determinations 
Single-crystals of KGd2CuSe4, KHo2Cu3Se5, KEr2Cu3Se5, KTm2Cu3Se5, K2Dy4Cu4Se9, and 
K2Y4Cu4Se9 were examined with a Buerger camera. For KGd2CuSe4 and  KLn2Cu3Se5 (Ln = 
Ho, Er, Tm) precession photographs for hk0, hk1, h0l, and h1l revealed Laue class mmm and 
the reflection conditions (hkl: h + k =  2n ; h0l: l =  2n) are compatible with the orthorhombic 
space groups Cmcm (No. 63) and Cmc21 (No. 36). For K2Dy4Cu4Se9 and K2Y4Cu4Se9, hk0 
and h0l layers recorded revealed Laue class 2/m and the reflection conditions (hk0: k = 2n; 
h0l: l = 2n) are consistent with the monoclinic space groups C2/m (No. 12) and Cm (No. 8). 
One crystal of each compound was mounted on an imaging plate diffractometer (IPDS-I) and 
complete data sets were recorded. For KGd2CuSe4 and KLn2Cu3Se5 (Ln = Ho, Er, Tm), the 
structure solutions and refinements were carried out in space group Cmcm. The refinement of 
the structure of K2Ln4Cu4Se9 (Ln = Dy, Y) was carried out in space group C2/m. 
 
3.8.3       Structure description and discussion 
3.8.3.1    KGd2CuSe4 
Selected crystallographic data are listed in table 3.8.2. Atomic coordinates, site occupancies, 
and equivalent isotropic displacement parameters U(eq) (Å2 · 104) are found in table 3.8.3. 
Selected interatomic distances and angles are given in table 3.8.4.  
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Table 3.8.2: Selected crystallographic data for KGd2CuSe4. 
formula KGd2CuSe4 
crystal system orthorhombic 
space group Cmcm (No. 63) 
a   [Å] 4.136(1) 
b   [Å] 14.019(3) 
c   [Å] 14.384(3) 
V  [Å3] 834.1(1) 
Z 4 
temperature     [K] 293(2) 
Rint 0.044 
R1 0.019 
wR2 (all data) 0.049 
goodness-of-fit 1.18 
 
Table 3.8.3: Atomic coordinates, site occupancies, and equivalent isotropic displacement 
                     parameters U(eq) (Å2 · 104) for KGd2CuSe4. 
atom sites x y z U(eq) 
K 4c 0 0.3889(1) 1/4 196(5) 
Gd 8f 0 0.1344(2) 0.4358(2) 87(1) 
Cu 4c 1/2 0.1599(1) 1/4 158(3) 
Se(1) 4c 0 0.0638(1) 1/4 96(3) 
Se(2) 4b 1/2 0 1/2 132(3) 
Se(3) 8f 0 0.2336(4) 0.6130(1) 89(2) 
 
Table 3.8.4: Selected interatomic distances (Å) and angles (°) for KGd2CuSe4. 
Symmetry operations: 
(i) 0.5+x, 0.5+y, z; (ii) 0.5+x, 0.5+y, z; (iii) 0.5x, 0.5y, 0.5+z; (iv) 0.5x, 0.5y, 1z; (v) 
0.5x, 0.5y, 1z; (vi) 0.5x, 0.5y, 0.5+z; (vii) 1+x, y, z; (viii) 1+x, y, z; (ix) 1+x, y, 0.5
z; (x) x, y, 0.5z; (xi) 0.5+x, 0.5+y, z; (xii) 0.5+x, 0.5+y, z; (xiii) 1x, y, 1z; (xiv) x,y, 
1z. 
K  Se(1i, 1ii)  3.207(2)  Cu  Se(3iii, 3v) 2.473(1) 
K  Se(3iii, 3iv, 3v, 3vi)  3.335(1)  Cu  Gd(viii, ix, x)  3.399(1) 
K  Se(2i, 2iii) 3.918(1)  Cu  Kxi 3.799(3) 
K  Cui 3.799(3)  Cu  Kviii 3.819(2) 
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K  Cu(1, vii) 3.819(2)  Se(1)  Cuvii 2.469(1) 
K  Kviii 4.136(1)  Se(1)  Gdx 2.851(1) 
Gd  Se(1) 2.851(1)  Se(1)  K(xi, xii) 3.207(2) 
Gd  Se(3iv, 3v) 2.862(1)  Se(2)  Gd(viii, xiii, xiv) 2.946(1) 
Gd  Se(3) 2.902(1)  Se(2)  K(v, xi) 3.918(1) 
Gd  Se(2, 2vii) 2.946(1)  Se(3)  Cuv 2.473(1) 
Gd  Cu(1, vii) 3.399(1)  Se(3)  Gd(iv, v) 2.862(1) 
Gd  K 4.458(2)  Se(3)  K(iv, v) 3.335(1) 
Cu  Se(1, 1viii) 2.469(1)    
 
Selected angles (°)  
 
Se(1)  Gd  Se(3iv, 3v) 89.70(1)  Se(3iv)  Gd  Se(2vii) 89.02(1) 
Se(3iv)  Gd  Se(3v) 92.54(1)  Se(3v)  Gd   Se(2vii) 175.90(1) 
Se(1)  Gd  Se(3) 171.68(2)  Se(3)  Gd  Se(2vii) 91.82(1) 
Se(3iv)  Gd  Se(3) 84.56(1)  Se(2)  Gd  Se(2vii) 89.17(2) 
Se(3v)  Gd  Se(3) 84.56(1)  Se(1viii)  Cu  Se(1) 113.79(1) 
Se(1)  Gd  Se(2) 94.10(1)  Se(1viii)  Cu  Se(3v) 109.24(1) 
Se(3iv)  Gd  Se(2) 175.90(1)  Se(1)  Cu  Se(3v) 109.24(1) 
Se(3v)  Gd  Se(2) 89.02(1)  Se(1viii)  Cu  Se(3iii) 109.24(1) 
Se(3)  Gd  Se(2) 91.82(1)  Se(1)  Cu  Se(3iii) 109.24(1) 
Se(1)  Gd  Se(2vii) 94.10(1)  Se(3v)  Cu  Se(3iii) 105.79(2) 
 
 
KGd2CuSe4 crystallizes in the orthorhombic space group Cmcm (No. 63) and is isotypic to the 
sulfide KGd2CuS4 [60] and some quaternary rubidium and cesium copper sulfides and 
selenides [61, 62, 132]. The structure of KGd2CuSe4 has a three-dimensional tunnel 
framework. The tunnels comprise 10-membered rings of five Se atoms, four Gd atoms and 
one Cu atom (fig. 3.8.2). The K atoms are located within the tunnels in a bicapped trigonal-
prismatic Se coordination environment with distances between 3.207(2) and 3.918(1) Å to the 
Se atoms (fig. 3.8.3). 
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Fig. 3.8.2: Projection of the structure of KGd2CuSe4. 
 
 
 
Fig. 3.8.3: Coordination polyhedra of the Gd, Cu, and K atoms in KGd2CuSe4. 
 
The Gd and Cu atoms are octahedrally and tetrahedrally coordinated by Se atoms, 
respectively. Two [GdSe6] octahedra share a common edge to give [Gd2Se10] double 
octahedra. These doubled units are then further connected via common edges with two other 
building blocks, forming chains along [100]. The copper atoms are found in tetrahedral 
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interstices between two interconnected double chains. A polyhedral representation of 
KGd2CuSe4 is displayed in figure 3.8.4. 
 
 
Fig. 3.8.4: Polyhedral representation of the structure of KGd2CuSe4. 
 
The KSe distances range from 3.207(2) to 3.918(1) Å and are consistent with the sum of the 
ionic radii of K+ (r(K+) = 1.51 Å) and Se2- (r(Se2-) = 1.98 Å) [135]. These distances are of 
comparable lenghts to those in K2Se5: 3.309(1) to 3.350(2) Å [124], and in K5Se3: 3.447(2) Å 
[136]. There are no short CuCu and SeSe distances in the structure, cf. table 3.8.4. The Gd
Se distances range from 2.851(1) to 2.946(1) Å; these distances can be compared to the 
distances of 2.935(2) to 3.094(2) Å in Gd8Se15 [129]. The CuSe bonds from 2.469(1) to 
2.473(1) Å are also reasonable compared to the distances of 2.405(1) to 2.506(1) Å in 
KCe2CuSe6 [137]. The SeGdSe bond angles vary from 84.6(1) to 94.1(1)° and from 
171.7(1) to 175.9(1)° and the SeCuSe angles range from 105.8(1) to 113.8(1)°. Thus, the 
[GdSe6] octahedra and [CuSe4] tetrahedra are slightly distorted. The structure of KGd2CuSe4 
is closely related to the structures of KBi2CuS4 [138] and CsBi2CuS4 [139]. For 
rationalization of the chemical bonding and in accordance with the red color of the compound, 
KGd2CuSe4 can be described as K+(Gd3+)2Cu+(Se2-)4. 
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3.8.3.2 KLn2Cu3Se5 (Ln = Ho, Er, Tm) 
Selected crystallographic data are listed in table 3.8.5. Atomic coordinates, site occupancies, 
and equivalent isotropic displacement parameters U(eq) (Å2 · 104) for KLn2Cu3Se5 (Ln = Ho, 
Er, Tm) are found in table 3.8.6. Selected interatomic distances are given in table 3.8.7. 
 
Table 3.8.5: Selected crystallographic data for KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
formula KHo2Cu3Se5 KEr2Cu3Se5 KTm2Cu3Se5 
crystal system orthorhombic orthorhombic orthorhombic 
space group Cmcm (No. 63) Cmcm (No. 63) Cmcm (No. 63) 
a   [Å] 4.098(1) 4.087(1) 4.079(1) 
b   [Å] 14.368(3) 14.379(3) 14.358(3) 
c   [Å] 16.882(3) 16.832(3) 16.749(3) 
V  [Å3] 989.2(4) 989.2(4) 982.1(4) 
Z 4 4 4 
temperature     [K] 293(2) 293(2) 293(2) 
Rint 0.047 0.067 0.057 
R1 0.030 0.032 0.033 
wR2 (all data) 0.078 0.079 0.089 
goodness-of-fit 1.10 1.10 1.08 
 
Table 3.8.6: Atomic coordinates, site occupancies, and equivalent isotropic displacement 
                     parameters U(eq) (Å2 · 104) for KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
 
a) KHo2Cu3Se5 
atom site x y z U(eq) 
K 4c 0 0.0626(3) 3/4 246(1) 
Ho 8f 0 0.1920(3) 0.4064(2) 116(3) 
Cu(1) 4c 0.5 0.1592(1) 1/4 245(5) 
Cu(2) 8f 0 0.4166(1) 0.4687(1) 207(4) 
Se(1) 8f 0.5 0.0595(1) 0.3809(5) 125(3) 
Se(2) 4c 0 0.2508(1) 1/4 133(4) 
Se(3) 8f 0 0.1672(1) 0.5717(1) 113(3) 
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b) KEr2Cu3Se5 
atom site x y z U(eq) 
K 4c 0 0.0626(3) 1/4 223(1) 
Er 8f 0 0.1921(1) 0.5937(3) 101(3) 
Cu(1) 4c 0.5 0.1590(2) 3/4 222(1) 
Cu(2) 8f 0 0.4167(1) 0.5318(1) 190(1) 
Se(1) 8f 0.5 0.0599(1) 0.6191(1) 106(4) 
Se(2) 4c 0 0.2513(1) 3/4 116(5) 
Se(3) 8f 0 0.1677(1) 0.4285(1) 95(4) 
 
c) KTm2Cu3Se5 
atom site x y z U(eq) 
K 4c 0 0.0622(3) 3/4 252(1) 
Tm 8f 0 0.1920(3) 0.4062(3) 131(3) 
Cu(1) 4c 0.5 0.1587(1) 1/4 240(6) 
Cu(2) 8f 0 0.4168(1) 0.4679(1) 220(6) 
Se(1) 8f 0.5 0.0605(1) 0.3809(1) 138(4) 
Se(2) 4c 0 0.2511(1) 1/4 138(4) 
Se(3) 8f 0 0.1684(1) 0.5714(1) 124(4) 
 
Table 3.8.7: Selected interatomic distances (Å) for KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
Symmetry operations: 
(i) x, y, 0.5z; (ii) 0.5x, 0.5y, 1z; (iii) 0.5x, 0.5y, 1z; (iv) 1x, y,0.5+z; (v) x, y, 
1z; (vi) x, y, 0.5+z; (vii) 1x, y, 1z; (viii) 1+x, y, z; (ix) 1+x, y, z; (x) x, y, 1.5z; (xi) 
1+x, y, 1.5z; (xii) 0.5+x, 0.5+y, z; (xiii) x, 1y, 1z; (xiv) 0.5+x, 0.5+y, z. 
 
 KHo2Cu3Se5 KEr2Cu3Se5 KTm2Cu3Se5 
K  Se(3, i) 3.365(2) 3.361(2) 3.359(2) 
K  Se(2ii, 2iii) 3.374(4) 3.368(4) 3.371(4) 
K  Se(1iv, 1v, 1vi, 1vii) 3.487(2) 3.484(2) 3.475(2) 
K  Cu(1iv, 1v) 3.788(4) 3.785(4) 3.774(4) 
K  Cu(1iii) 3.998(5) 4.000(5) 3.986(5) 
K  Kviii 4.097(1) 4.087(1) 4.079(1) 
Ln  Se(2) 2.772(1) 2.765(1) 2.751(1) 
Ln  Se(3) 2.814(1) 2.805(1) 2.787(1) 
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Ln  Se(1, 1ix) 2.829(1) 2.823(1) 2.813(1) 
Ln  Se(3ii, 3iii) 2.903(1) 2.896(1) 2.886(1) 
Ln  Cu(2ii, 2iii) 3.329(1) 3.329(2) 3.325(1) 
Ln  Cu(1, 1ix) 3.374(1) 3.365(1) 3.352(1) 
Ln  Cu(2) 3.393(2) 3.394(2) 3.393(2) 
Cu(1)  Se(2, 2viii) 2.435(1) 2.436(2) 2.434(2) 
Cu(1)  Se(1, 1x) 2.633(2) 2.624(2) 2.608(2) 
Cu(1)  Ln(viii, x, xi) 3.374(1) 3.365(1) 3.352(1) 
Cu(1)  K(iv, v)  3.788(4) 3.785(4) 3.774(4) 
Cu(1)  Kiii 3.998(5) 4.000(5) 3.986(5) 
Cu(2)  Se(3ii, 3iii)  2.471(1) 2.468(1) 2.468(1) 
Cu(2)  Se(1xiiÂ) 2.533(2) 2.531(2) 2.527(2) 
Cu(2)  Se(1iii) 2.563(2) 2.561(2) 2.553(2) 
Cu(2)  Cu(2xiii) 2.622(2) 2.624(3) 2.622(2) 
Cu(2)  Ln(ii, iii) 3.329(1) 3.329(2) 3.325(1) 
Se(1)  Cu(2iii, 2xiv) 2.563(2) 2.561(2) 2.553(2) 
Se(1)  Lnviii 2.829(1) 2.823(1) 2.813(1) 
Se(1)  K(iv, v) 3.487(2) 3.484(2) 3.475(2) 
Se(2)  Cu(1ix) 2.435(1) 2.436(2) 2.434(2) 
Se(2)  Lnx 2.772(1) 2.765(1) 2.751(1) 
Se(2)  K(ii, iii) 3.374(4) 3.368(4) 3.371(4) 
Se(3)  Cu(2ii, 2iii) 2.471(1) 2.468(1) 2.468(1) 
Se(3)  Ln(ii, iii) 2.903(1) 2.896(1) 2.886(1) 
 
KLn2Cu3Se5 (Ln = Ho, Er, Tm) compounds crystallize in the RbSm2Ag3Se5 structure-type 
illustrated in fig. 3.8.5, which is also adopted by some quaternary rubidium and cesium 
copper sulfides and selenides [61, 62, 133, 134]. 
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Fig. 3.8.5: Crystal structure of KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
 
The structure of KLn2Cu3Se5 (Ln = Ho, Er, Tm) has a three-dimensional tunnel framework 
built up from [LnSe6] octahedra and [CuSe4] tetrahedra. Each K+ is located inside a tunnel of 
10-membered rings formed by five Se atoms, three Cu atoms and two Ln atoms. The 
potassium ions occupy a bicapped trigonal-prismatic selenium coordination environment with 
KSe distances between 3.365(2) and 3.487(2) Å for KHo2Cu3Se5; 3.361(2) and 3.484(2) Å 
for KEr2Cu3Se5; 3.359(2) and 3.475(2) Å for KTm2Cu3Se5 (fig. 3.8.6). 
 
 
Fig 3.8.6: Coordination polyhedra in KLn2Cu3Se5. 
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As shown in fig. 3.8.7, the Ln atoms are coordinated by six Se anions forming an octahedra. 
Two [LnSe6] octahedra share a common corner to give [Ln2Se10] double octahedra. One 
double octahedron is connected to its neighbors via two [CuSe4] tetrahedra to form a two-
dimensional layer parallel to b. 
 
 
Fig. 3.8.7: Polyhedral representation of the structure of KLn2Cu3Se5. 
 
The HoSe distances range from 2.772(1) Å to 2.903(1) Å, the ErSe distances range from 
2.765(1) to 2.896(1) Å and the TmSe distances range from 2.751(1) to 2.886(1) Å. These 
distances are similar to those in CsGd2Cu3Se5 (2.841(4)  2.935(5) Å), CsTb2Cu3Se5 
(2.821(4)  2.919(4) Å [133, 134], CsGd2Ag3Se5 (2.862(6)  2.939(1) Å, and CsTb2Ag3Se5 
(2.85(1)  2.924(6) Å [62]. The Cu(2)Cu(2) distances of 2.622(2) and 2.624(3) Å for 
KHo2Cu3Se5 and KEr2Cu3Se5, respectively, may be compared with those of 2.687(2) and 
2.683(2) Å in CsGd2Cu3Se5 and CsTb2Cu3Se5. Oxidation states of +1, +3, +1 and -2 for K, 
Ln, Cu, and Se respectively, can be assigned for charge balancing in accordance with the 
orange color of the crystals. 
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3.8.3.3    K2Dy4Cu4Se9 and K2Y4Cu4Se9 
Selected crystallographic data are listed in table 3.8.8. Atomic coordinates, site occupancies, 
and equivalent isotropic displacement parameters U(eq) (Å2 · 104) for K2Dy4Cu4Se9 and 
K2Y4Cu4Se9 are presented in table 3.8.9. Selected interatomic distances are given in table 
3.8.10.  
 
Table 3.8.8: Selected crystallographic data for K2Dy4Cu4Se9 and K2Y4Cu4Se9. 
formula K2Dy4Cu4Se9 K2Y4Cu4Se9 
crystal system monoclinic monoclinic 
space group C2/m (No. 12) C2/m (No. 12) 
a   [Å] 14.246(3) 14.245(3) 
b   [Å] 4.108(1) 4.102(1) 
c   [Å] 16.436(3) 16.432(3) 
b  (°) 109.5(3) 109.4(3) 
V  [Å3] 906.5(3) 905.9(3) 
Z 2 2 
temperature     [K] 293(2) 293(2) 
Rint 0.068 0.053 
R1 0.041 0.032 
wR2 (all data) 0.099 0.083 
goodness-of-fit 1.13 1.06 
 
Table 3.8.9: Atomic coordinates, site occupancies, and equivalent isotropic 
                     displacement parameters U(eq) (Å2 · 104) for K2Dy4Cu4Se9 and K2Y4Cu4Se9. 
a) K2Dy4Cu4Se9 
atom site x y z U(eq) 
K 4i 0.5322(4) 1/2 0.2691(3) 245(1) 
Dy(1) 4i 0.3455(1) 0 0.4451(1) 126(3) 
Dy(2) 4i 0.2327(1) 0 0.1044(1) 129(3) 
Cu(1) 4i 0.2582(2) 1/2 0.2711(1) 211(1) 
Cu(2) 4i 0.4280(2) 0 0.0326(1) 220(1) 
Se(1) 2c 1/2 1/2 1/2 173(1) 
Se(2) 4i 0.3627(1) 1/2 0.0773(1) 118(5) 
Se(3) 4i 0.1986(1) 1/2 0.3960(1) 126(5) 
Se(4) 4i 0.3557(1) 0 0.2782(1) 134(5) 
Se(5) 4i 0.1078(1) 1/2 0.1292(13) 129(5) 
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b) K2Y4Cu4Se9 
atom site x y z U(eq) 
K 4i 0.5320(1) 1/2 0.2684(1) 239(6) 
Y(1) 4i 0.3454(1) 0 0.4449(1) 136(3) 
Y(2) 4i 0.2329(1) 0 0.1047(1) 134(3) 
Cu(1) 4i 0.2586(1) 1/2 0.2709(1) 220(4) 
Cu(2) 4i 0.4284(1) 0 0.0327(1) 212(4) 
Se(1) 2c 1/2 1/2 1/2 172(4) 
Se(2) 4i 0.3625(1) 1/2 0.0770(1) 128(3) 
Se(3) 4i 0.1985(1) 1/2 0.3961(1) 135(3) 
Se(4) 4i 0.3558(1) 0 0.2781(1) 143(3) 
Se(5) 4i 0.1081(1) 1/2 0.1291(1) 142(3) 
 
Table 3.8.10: Selected interatomic distances (Å) for K2Dy4Cu4Se9 and K2Y4Cu4Se9. 
Symmetry operations: 
(i) x, 1+y, z; (ii) 0.5+x, 0.5+y, z; (iii) 0.5+x, 0.5+y, z; (iv) x, 1+y, z; (v) 0.5x, 0.5y, 1z; 
(vi) 0.5+x, 0.5+y, z; (vii) 0.5x, 0.5y, z; (viii) 0.5x, 1.5y, z; (ix) 0.5+x, 0.5+y, z; (x) 
1x, 2y, z; (xi) 1x, y, 1z; (xii) 1x, 1y, 1z. 
 
 K2Dy4Cu4Se9  K2Y4Cu4Se9
K  Se(2) 3.271(1)  3.270(1) 
K  Se(4, 4 i ) 3.289(6)  3.289(4) 
K  Se(3ii, 3iii)  3.299(3)  3.303(1) 
K  Se(5ii, 5iii)  3.511(1)  3.503(2) 
K  Cu(1ii, 1iii) 3.810(6)  3.810(3) 
K  Cu(1) 3.914(7)  3.912(4) 
K  Kiv 4.107(1)  4.102(1) 
K  Ki 4.107(1)  4.102(1) 
Ln(1)  Se(4) 2.794(5)  2.796(4) 
Ln(1)  Se(3, 3iv) 2.850(1)  2.847(1) 
Ln(1)  Se(3v) 2.885(1)  2.883(1) 
Ln(1)  Se(1, 1iv) 2.926(1)  2.924(1) 
Ln(1)  Cu(1, 1iv) 3.402(1)  3.401(2) 
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Ln(1)  Kvi 4.435(1)  4.438(3) 
Ln(2)  Se(4) 2.810(1)  2.805(5) 
Ln(2)  Se(5, 5iv) 2.834(7)  2.830(7) 
Ln(2)  Se(2vii) 2.839(1)  2.84(4) 
Ln(2)  Se(2, 2iv) 2.897(8)  2.895(8) 
Ln(2)  Cu(2vii, 2viii)  3.330(1)  3.337(4) 
Ln(2)  Cu(1, 1iv) 3.346(1)  3.338(9) 
Ln(2)  Cu(2iv) 3.367(1)  3.369(2) 
Cu(1)  Se(4, 4i)  2.459(3)  2.455(2) 
Cu(1)  Se(3) 2.47(2)  2.477(2) 
Cu(1)  Se(5) 2.589(1)  2.591(5) 
Cu(1)  Ln(2i) 3.346(1)  3.338(9) 
Cu(1)  Ln(1i) 3.402(1)  3.401(2) 
Cu(1)  K(vi, ix) 3.810(6)  3.810(3) 
Cu(2)  Se(2, 2i)  2.466(8)  2.464(8) 
Cu(2)  Se(5iii) 2.524(1)  2.522(4) 
Cu(2)  Se(5viii) 2.534(1)  2.534(1) 
Cu(2)  Cu(2x) 2.612(1)  2.604(2) 
Cu(2)  Ln(2vii, 2viii) 3.330(1)  3.337(4) 
Cu(2)  Ln(2)i 3.367(1)  3.369(2) 
Se(1)  Ln(1i, 1xi, 1xii) 2.926(1)  2.924(1) 
Se(2)  Cu(2iv) 2.466(8)  2.464(8) 
Se(2)  Ln(2vii) 2.839(1)  2.84(4) 
Se(2)  Ln(2i) 2.897(8)  2.895(8) 
Se(3)  Ln(1i) 2.850(1)  2.847(1) 
Se(3)  Ln(1v) 2.885(1)  2.883(1) 
Se(3)  K(vi, ix) 3.300(1)  3.303(4) 
Se(4)  Cu(1iv) 2.459(3)  2.455(2) 
Se(4)  Kiv 3.289(6)  3.289(4) 
Se(5)  Cu(2vi) 2.524(1)  2.522(4) 
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Se(5)  Cu(2viii) 2.534(1)  2.534(1) 
Se(5)  Ln(2i) 2.834(7)  2.830(7) 
Se(5)  K(vi, ix) 3.511(1)  3.503(2) 
 
 
Both K2Dy4Cu4Se9 and K2Y4Cu4Se9 crystallize in the monoclinic space group C2/m (No. 12) 
and are isotypic to the sulfide Rb2Gd4Cu4S9 [62]. The structure can also be described as a 
three-dimensional tunnel framework. Each tunnel contains 10-membered ring composed of 
five Se atoms, two Cu atoms, and three Ln atoms (fig. 3.8.8).  
 
 
Fig. 3.8.8: Crystal structure of K2Ln4Cu4Se9 (Ln = Dy, Y). 
 
The three-dimensional framework of this structure can also be viewed by emphasizing the 
[LnSe6] octahedra and the [CuSe4] tetrahedra (fig. 3.8.9).  
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Fig. 3.8.9: Polyhedral representation of the structure of K2Ln4Cu4Se9 (Ln = Dy, Y)  
 
The K ions occupy a monocapped trigonal-prismatic Se coordination environment with KSe 
distances between 3.271(1) and 3.511(1) Å and for K2Dy4Cu4Se9 and 3.270(1) and 3.503(2) Å 
for K2Y4Cu4Se9 (fig. 3.8.10).  
The DySe interatomic distances range between 2.794(5)  2.926(1) Å in K2Dy4Cu4Se9 and 
the YSe distances range between 2.796(4)  2.924(1) Å. These distances are in the range of 
those found in Rb1.15Dy2Cu2.5Se5 (DySe: 2.739(1)  2.968(1) Å ) [61] and in BaYAuSe3 (Y
Se: 2.879(1)  2.910(1) Å) [140]. The CuSe bond distances range from 2.459(3)  2.589(1) 
Å in K2Dy4Cu4Se9 and from 2.455(2)  2.590(1) Å in K2Y4Cu4Se9. These distances are 
similar to the CuSe distances of 2.381(1)  2.589(1) Å in CsGd2Cu3Se5 [133, 134], 2.486(1) 
 2.512(1) Å in CsLa2CuSe4 [62]. 
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Fig. 3.8.10: Coordination polyhedra of the atoms in K2Dy4Cu4Se9. 
 
3.8.4       Structure comparison 
The crystal structure of KGd2CuSe4, KLn2Cu3Se5 (Ln = Ho, Er, Tm), and K2Ln4Cu4Se9 (Ln = 
Dy, Y) share some common structural features. All structures contain cation-filled tunnels 
with similar shape. The three-dimensional framework in these structures are built by [LnSe6] 
octahedra and [CuSe4] tetrahedra as shown in figures 3.8.4, 3.8.7, and 3.8.9. The [LnSe6] 
octahedra and [CuSe4] tetrahedra are slightly distorted with varying degrees of distortion. The 
Ln/Se part of these structures consists of similar layers, as shown in figs. 3.8.11 and 3.8.12. In 
KGd2CuSe4 and K2Ln4Cu4Se9 (Ln = Dy, Y), chains composed of [Ln2Se10] double octahedra, 
of two edge-sharing [LnSe6] octahedra, are connected to their neighbor chains by common Se 
atoms to form a two-dimensional layer. This layer is connected to its neighbors by edge-
sharing of two Se atoms to form a three-dimensional framework. 
 
 
Fig. 3.8.11: The Ln/Se fragments of the structures of KGd2CuSe4 and K2Dy4Cu4Se9. 
Results 
 135 
In the case of KLn2Cu3Se5 (Ln = Ho, Er, Tm), the chains are connected to each other by Se 
atoms to form two-dimensional layers. 
 
 
Fig. 3.8.12: The Ln/Se fragment of KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
 
KGd2CuSe4 contains some isolated Se2 species and one-dimensional vertex-sharing [CuSe4] 
tetrahedra running along the [100] direction (fig. 3.8.13). 
 
 
Fig. 3.8.13: Arrangement of the [CuSe4] tetrahedra in KGd2CuSe4. 
 
KLn2Cu3Se5 (Ln = Ho, Er, Tm) contains [CuSe3] and [Cu2Se4] chains built up from two edge-
sharing [CuSe3]. Both are connected by common vertices to form two-dimensional layers (fig. 
3.8.14). 
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Fig. 3.8.14: Arrangement of [CuSe3] and [Cu2Se4] chains in 
                                                KLn2Cu3Se5 (Ln = Ho, Er, Tm). 
 
K2Dy4Cu4Se9 and K2Y4Cu4Se9 contain [Cu4Se8] chains built up of one [Cu2Se4] and two 
single [CuSe3] chains (fig. 3.8.15). 
 
 
Fig. 3.8.15: Arrangement of [Cu4Se8] chains in K2Ln4Cu4Se9 (Ln = Dy, Y). 
 
In KGd2CuSe4 and KLn2Cu3Se5 (Ln = Ho, Er, Tm) the K atoms are coordinated in a bicapped 
trigonal prisms of eight Se atoms, while in K2Ln4Cu4Se9 (Ln = Dy, Y), the K atoms are 
coordinated in a monocappped trigonal prisms of seven Se atoms. All compounds are electron 
precise as can be deduced from their colors.  
Results 
 137 
As show in figure 3.8.16, the crystal structure of K2Ln4Cu4Se9 (Ln = Dy, Y) is built from 
module of KLn2Cu3Se5 (Ln = Ho, Er, Tm) alternating with module of KGd2CuSe4. The 
relation between these three structure is: 
AM2TQ4 + 
2
1
T2Q ®  A2M4T4Q9 + 
2
1
T2Q ®  AM2T3Q5 
 
 
 
 
Fig. 3.8.16: The crystal structure of K2Ln4Cu4Se9 (Ln = Dy, Y). 
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4             General conclusions and future prospects 
In the present work, the ternary compounds LnCu1+dAs2 (Ln = Y, La, Ce, Nd, Sm, Gd  Lu), 
LnAg1+dAs2 (Ln =La  Nd, Sm), and LnAuAs2 (Ln = Pr, Sm, Gd, Tb) have been synthesized 
and characterized structurally by single-crystal X-ray investigations. The composition of 
crystals of each compound has been verified by EDX analysis. All compounds adopt a 
structure closely related to the HfCuSi2 type consisting of PbO-like layers of T and As atoms, 
square layers of As atoms and layers of Ln atoms separating the former two building units. 
For the first members of the copper series LnCu1+dAs2, a non-stoichiometry (d > 0) has been 
established. Going along the serie of rare-earth metals, d decreases continuously with 
decreasing atomic radius of the rare-earth metal and takes the value 0 for Ln = Gd  Lu. The 
only other compound which incorporates additional coinage metal is LaAg1.01(1)As2. All 
copper compounds of this series contain regular square nets of As atoms, whereas the 
respective nets in the silver and gold compounds are always distorted. Two principally 
different patterns of distortion have been found: zigzag chains of As in LnAgAs2 (Ln = Pr, 
Nd, Sm) and cis-trans chains of As in LaAg1.01(1)As2, CeAgAs2, and PrAuAs2. Both patterns 
can undergo a further symmetry reduction and distortion to end up with a pattern of As2-
dumb-bells as can be seen in SmAuAs2, GdAuAs2, and TbAuAs2. In some cases, structure 
solution was hampered by twinning. Temperature dependent single-crystals data collections 
of LaAg1.01(1)As2 between 120 K and 300 K reveal no hint for a phase transition in this 
temperature interval.  
Stoichiometric samples LnCuAs2 (Ln = Y, Pr, Nd, Sm, Gd, Tb, Dy, Er) have been used for 
measurements of the conductivity r, magnetic susceptibility c and heat capacity cp. All 
investigated compounds exhibit metallic conductivity and, except for Y, order 
antiferromagnetically at temperatures below 10 K. In the c vs. T and the cp vs. T diagrams, 
weak upturns, corresponding to a minimum in the r(T) curves, were found which can 
attributed to a complex magnetism related electron scattering of the paramagnets. A large 
number of contributions published in the last years are dealing with the crystal structures, 
electrical, and magnetic properties of LnTX2 compounds. But structural details of several 
silver and gold compounds, as well as the magnetic behavior of some of these compounds are 
still a matter of intense discussion and require further studies. According to our investigations, 
CeAgAs2 exhibits semiconducting and PrAgAs2 metallic conductivity, respectively. 
The new compound Sm2Cu3As3 has been found to be the first example of a ternary rare-earth 
transition metal pnictide adopting the Zr2Ni3As3 type. The three-dimensional structure 
contains two crystallographically independent Sm atoms in octahedral and trigonal prismatic 
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coordination by As atoms. With this special arrangement, it should be possible to study the 
influence of these two coordination spheres on the luminescence of rare-earth cations. Further 
investigations on homologous compounds should include a doping of, say Eu, on the Ln 
positions. 
Single-crystals of the arsenide oxide Sm2CuAs3O were obtained as by-products during the 
syntheses of ternary samarium copper arsenides. Its crystal structure contains two different 
PbO-like layers formed by Sm and O on the one hand, and Cu and As atoms on the other. 
Both PbO-type layers are separated by sheets of Sm and distorted square nets of As atoms. 
The As atoms are arranged in planar zigzag chains, like those found in NdAgAs2. 
Sm2CuAs3O is thus the first quaternary rare-earth pnictide oxide with a distorted As net.  
The quaternary potassium rare-earth copper selenides KGd2CuSe4, KLn2Cu3Se5 (Ln = Ho, Er, 
Tm), and K2Ln4Cu4Se9 (Ln = Dy, Y) extend three series of sulfide and selenide compounds. 
All three series adopt a three-dimensional tunnel structure. The alkali metals occupy positions 
in the tunnels, which are built up by [LnSe6] octahedra and [CuSe4] tetrahedra. The 
coordination environments of the rare-earth and Cu atoms and interatomic distances are 
similar in all compounds, despite of the different compositions. 
The ternary gadolinium copper selenide Gd3CuSe6 has been obtained using LiCl/KCl as flux. 
Its crystal structure contains [Se2]
2
 dumb-bells in an octahedra of Gd atoms. There are two 
crystallographically independent Gd atoms in the structure, both are coordinated by eight Se 
atoms in a bicapped trigonal prismatic arrangement. One Cu atom is statistically distributed 
over two Cu sites in two face-sharing tetrahedra. 
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6             Appendix 
 
6.1 Crystallographic data and details of the structure determinations  
 
6.1.1       LnCu1+dAs2 (Ln = Y, La, Ce, Nd, Sm, Tb  Lu) 
 
Table 1A: Single-crystal data for LaCu1.25(1)As2 and CeCu1.11(1)As2. 
 
empirical formula LaCu1.25(1)As2 CeCu1.11(1)As2 
formula weight        [g/mol] 368.17 361.44 
meas. temperature     [K] 293(2) 293(2) 
diffractometer CAD4 CAD4 
space group I4/mmm (No. 139) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                    V  [Å3] 
4.096(1) 
20.224(4) 
339.3(1) 
4.028(1) 
10.059(2) 
163.2(1) 
Z, calculated density      [g/cm3] 4,  7.21 2,  7.36 
abs. coefficient     [mm1] 39.3 40.9 
abs. correction empirical, -scans empirical, -scans 
crystal size      [mm3], color 0.12 × 0.03 × 0.02, grey 0.1 × 0.02 × 0.01, grey 
2 theta range                    [°] 4  74  4  60 
limiting indices 
 
6   h   6 
6   k   6 
24   l   24 
5   h   5 
5   k   5 
14   l   14 
reflections collected/unique 3008 / 263  1742 / 174 
Rint 0.038 0.047 
data / parameters 263 / 15  174 / 14 
goodness-of-fit 1.16  1.15 
R1, wR2 (I > 2(I)) 0.020, 0.052  0.016, 0.036 
R1, wR2 (all data) 0.027, 0.054 0.022, 0.037 
extinction parameter 0.0069(6)  0.0034(9)  
larg. diff. peak/hole     [e/Å3] 1.67 / 2.55  0.84 / 1.66 
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Table 2A: Anisotropic displacement parameters (Å2 · 104) for LaCu1.25(1)As2. 
 
atom U11 U22 U33 U12 = U13 = U23 
La 75(2) 75(2) 77(3) 0 
Cu(1) 135(3) 135(3) 91(4) 0 
Cu(2) 220(1) 220(1) 130(2) 0 
As(1) 125(4) 451(3) 81(4) 0 
As(2) 68(3) 68(3) 89(4) 0 
 
Table 3A: Anisotropic displacement parameters (Å2 · 104) for CeCu1.11(1)As2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Ce 74(2) 74(2) 85(3) 0 
Cu(1) 126(3) 126(3) 94(6) 0 
Cu(2) 180(3) 180(3) 240(5) 0 
As(1) 274(3) 274(3) 92(5) 0 
As(2) 69(3) 69(3) 96(4) 0 
 
 
Table 4A: Single-crystal data for NdCu1.06(1)As2 and SmCu1.05(1)As2. 
 
empirical formula NdCu1.06(1)As2 SmCu1.05(1)As2 
formula weight        [g/mol] 360.80 363.73 
meas. temperature     [K] 293(2) 293(2) 
diffractometer CAD4  CAD4 
space group P4/nmm (No. 129) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                    V   [Å3] 
3.979(1) 
10.016(2) 
158.6(1) 
3.944(1) 
9.944(2) 
154.7(1) 
Z, calculated density       [g/cm3] 2, 7.56 2, 7.81 
abs. coefficient     [mm1] 43.6 46.6 
abs. correction empirical, -scans empirical, -scans 
crystal size      [mm3], color 0.1 × 0.03 × 0.01, grey 0.12 × 0.03 × 0.01, grey 
2 theta range                    [°] 8  80 4  65 
limiting indices 
 
7   h   0 
7   k   7 
18   l   18 
5   h   5 
5   k   5 
15   l   15 
reflections collected/unique 2064 / 338 2044 / 203  
Rint 0.046 0.051 
data / parameters 338 / 14 203 / 14 
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goodness-of-fit 1.09 1.16 
R1, wR2 (I > 2(I)) 0.019, 0.040 0.014, 0.025  
R1, wR2 (all data) 0.028, 0.044 0.021, 0.027 
extinction parameter 0.0061(9)  0.0032(6)  
larg. diff. peak/hole     [e/Å3] 2.31 / 3.00 0.91 / 0.97 
 
Table 5A: Anisotropic displacement parameters (Å2 · 104) for NdCu1.06(1)As2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Nd 75(1) 75(1) 81(1) 0 
Cu(1) 121(2) 121(2) 92(3) 0 
Cu(2) 120(3) 120(3) 90(4) 0 
As(1) 240(2) 240(2) 76(3) 0 
As(2) 71(1) 72(1) 95(2) 0 
 
Table 6A: Anisotropic displacement parameters (Å2 · 104) for SmCu1.05(1)As2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Sm 71(1) 71(1) 75(1) 0 
Cu(1) 117(3) 117(3) 94(4) 0 
As(1) 205(3) 205(3) 73(4) 0 
As(2) 65(1) 65(1) 99(4) 0 
 
 
Table 7A: Single-crystal data for TbCuAs2 and DyCuAs2. 
 
empirical formula TbCuAs2 DyCuAs2 
formula weight        [g/mol] 372.30 375.88 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS-I STOE-IPDS-I 
space group P4/nmm (No. 129) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                   V   [Å3] 
3.901(1) 
9.901(2) 
150.7(1) 
3.884(1) 
9.847(2) 
148.6(1) 
Z, calculated density   [g/cm3] 2, 8.21 2, 8.40 
abs. coefficient     [mm1] 51.8 53.9 
abs. correction numerical numerical 
crystal size      [mm3], color 0.01 × 0.19 × 0.30, grey  0.01 × 0.14 × 0.24, grey  
2 theta range                    [°] 3.3  52.1 3.8  56.3 
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limiting indices 
 
4   h   4 
4   k   4 
10   l   12 
4   h   4 
5   k   5 
12   l   12 
phi range 
phi increment 
0  200° (200 images)  
f = 1° 
0  230° (230 images) 
f = 1° 
irradiation time [min] 
detector distance [mm] 
5 
70 
5 
60 
reflections collected/unique 1090 / 115 1623 / 138 
Rint 0.077 0.088 
data / parameters 115 / 12 138 / 12 
goodness-of-fit 1.05 1.12 
R1, wR2 (I > 2(I)) 0.024, 0.053 0.031, 0.064 
R1, wR2 (all data) 0.028, 0.054 0.036, 0.065 
extinction parameter 0.004(4) 0.013(1) 
larg. diff. peak/hole     [e/Å3] 1.37 / 2.03 2.59 / 2.19 
 
Table 8A: Anisotropic displacement parameters (Å2 · 104) for TbCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Tb 59(4) 59(4) 149(5) 0 
Cu 102(8) 102(8) 160(1) 0 
As(1) 124(7) 124(7) 150(1) 0 
As(2) 49(6) 49(6) 170(1) 0 
 
Table 9A: Anisotropic displacement parameters (Å2 · 104) for DyCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Dy 58(4) 58(4) 83(5) 0 
Cu 100(1) 100(1) 110(1) 0 
As(1) 126(8) 126(8) 70(1) 0 
As(2) 53(7) 53(7) 100(1) 0 
 
 
 
 
 
 
 
 
 
 
  Appendix  
 152
Table 10A: Single-crystal data for HoCuAs2 and YbCuAs2. 
 
empirical formula HoCuAs2 YbCuAs2 
formula weight           [g/mol] 378.31 386.42 
meas. temperature     [K] 293(2) 293(2) 
diffractometer CAD4  CAD4  
space group P4/nmm (No. 129) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                   V   [Å3] 
3.868(1) 
9.804(2) 
146.7(1) 
3.842(1) 
9.743(2) 
143.8(1) 
Z, calculated density     [g/cm3] 2, 8.57 2, 8.92 
abs. coefficient     [mm1] 56.1 62.2 
abs. correction empirical, -scans empirical, -scans 
crystal size      [mm3], color 0.09 × 0.02 × 0.01, grey 0.11 × 0.01 × 0.01, grey 
2 theta range                    [°] 4  60 4  60 
limiting indices 
 
5   h   5 
5   k   5 
13   l   13 
5   h   5 
5   k   5 
  0   l   13 
reflections collected/unique 1568 / 159 810 / 161 
Rint 0.060 0.062 
data / parameters 159 / 12 161 / 12 
goodness-of-fit 1.16 1.16 
R1, wR2 (I > 2(I)) 0.014, 0.025  0.021, 0.052  
R1, wR2 (all data) 0.026, 0.029 0.038, 0.057 
extinction parameter 0.0021(3)  0.008(1)  
larg. diff. peak/hole     [e/Å3] 1.93 / 1.69 1.72 / 2.88 
 
Table 11A: Anisotropic displacement parameters (Å2 · 104) for HoCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Ho 72(2) 72(2) 68(3) 0 
Cu 106(6) 106(6) 83(8) 0 
As(1) 114(5) 114(5) 67(7) 0 
As(2) 60(4) 60(4) 69(7) 0 
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Table 12A: Anisotropic displacement parameters (Å2 · 104) for YbCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Yb 80(3) 80(3) 60(4) 0 
Cu 115(7) 115(7) 94(1) 0 
As(1) 116(6) 116(6) 62(8) 0 
As(2) 80(5) 80(5) 68(1) 0 
 
Table 13A: Single-crystal data for ErCuAs2 and TmCuAs2. 
 
empirical formula ErCuAs2 TmCuAs2 
formula weight        [g/mol] 380.64 382.31 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS-I STOE-IPDS-I 
space group P4/nmm (No. 129) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                    V   [Å3] 
3.865(1) 
9.802(2) 
146.4(1) 
3.854(1) 
9.778(2) 
145.2(1) 
Z, calculated density     [g/cm3] 2, 8.63 2, 8.75 
abs. coefficient     [mm1] 57.8 60.0 
abs. correction numerical numerical 
crystal size      [mm3], color 0.02 × 0.11 × 0.38, grey  0.01 × 0.22 × 0.51, grey  
2 theta range                    [°] 3.3  52.1 3.8  56.3 
limiting indices 
 
4   h   4 
4   k   4 
12   l   12 
4   h   4 
5   k   5 
12   l   12 
phi range  
phi increment 
0  270° (135 images) 
f = 2° 
0  270° (135 images) 
f = 2° 
irradiation time [min] 
detector distance [mm] 
10 
70 
7 
60 
reflections collected/unique 1132 / 117 1747 / 135 
Rint 0.058 0.058 
data / parameters 117 / 12 135 / 12 
goodness-of-fit 1.25 1.08 
R1, wR2 (I > 2(I)) 0.031, 0.065 0.028, 0.063 
R1, wR2 (all data) 0.034, 0.068 0.035, 0.065 
extinction parameter 0.024(4) 0.005(2) 
larg. diff. peak/hole     [e/Å3] 2.16 / 2.36 1.59 / 3.84 
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Table 14A: Anisotropic displacement parameters (Å2 · 104) for ErCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Er 78(5) 78(5) 94(6) 0 
Cu 109(8) 109(8) 110(1) 0 
As(1) 127(7) 127(7) 80(1) 0 
As(2) 69(7) 69(7) 100(1) 0 
 
Table 15A: Anisotropic displacement parameters (Å2 · 104) for TmCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Tm 83(4) 83(4) 57(5) 0 
Cu 116(7) 116(7) 60(1) 0 
As(1) 127(6) 127(6) 40(1) 0 
As(2) 76(6) 76(6) 50(1) 0 
 
Table 16A: Single-crystal data for LuCuAs2 and YCuAs2. 
 
empirical formula LuCuAs2 YCuAs2 
formula weight        [g/mol] 388.35 302.29 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS-I STOE-IPDS-I 
space group P4/nmm (No. 129) P4/nmm (No. 129) 
cell dimensions           a   [Å]  
                                    c   [Å] 
                                   V   [Å3] 
3.842(1) 
9.762(2) 
144.1(1) 
3.888(1) 
9.881(2) 
149.4(1) 
Z, calculated density    [g/cm3] 2, 8.95 2, 6.72 
abs. coefficient     [mm1] 63.9 48.1 
abs. correction numerical numerical 
crystal size      [mm3], color 0.01 × 0.15 × 0.40, grey  0.01 × 0.06 × 0.20, grey  
2 theta range                    [°] 3.8  56.3 3.8  56.3 
limiting indices 
 
4   h   4 
5   k   5 
12   l   12 
4   h   4 
5   k   5 
13   l   12 
phi range 
phi increment 
0  270° (180 images) 
f = 1.5° 
0  270° (135 images)  
f = 2° 
irradiation time [min] 
detector distance [mm] 
15 
60 
15 
60 
reflections collected/unique 1815 / 134 1889 / 141 
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Rint 0.096 0.088 
data / parameters 134 / 12 141 / 12 
goodness-of-fit 1.22 1.17 
R1, wR2 (I > 2(I)) 0.030, 0.076 0.031, 0.060 
R1, wR2 (all data) 0.034, 0.078 0.041, 0.062 
extinction parameter 0.002(5) 0.0032(1)  
larg. diff. peak/hole     [e/Å3] 1.91 / 2.59 1.48 / 1.38 
 
Table 17A: Anisotropic displacement parameters (Å2 · 104) for LuCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Lu 102(5) 102(5) 150(6) 0 
Cu 132(1) 132(1) 189(1) 0 
As(1) 128(1) 128(1) 152(1) 0 
As(2) 89(1) 89(1) 163(1) 0 
 
Table 18A: Anisotropic displacement parameters (Å2 · 104) for YCuAs2. 
 
atom U11 U22 U33 U12 = U13 = U23 
Y 72(6) 72(6) 112(1) 0 
Cu 110(6) 110(6) 130(1) 0 
As(1) 148(6) 148(6) 87(9) 0 
As(2) 76(5) 76(5) 100(1) 0 
 
 
6.1.2       LnAgAs2 (Ln = La  Nd, Sm) 
 
Table 19A: Single-crystal data for LaAg1.01(1)As2 and CeAgAs2. 
 
empirical formula LaAg1.01(1)As2 CeAgAs2 
formula weight        [g/mol] 793.24 795.66 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS II STOE-IPDS-I 
space group Pcmb (No. 57 ) Pcmb (No. 57 ) 
cell dimensions         a   [Å]  
                                  b   [Å] 
                                  c   [Å] 
                                  V  [Å3] 
5.837(1) 
5.838(1) 
21.289(4) 
725.6(2) 
5.758(1) 
5.770(1) 
21.050(4) 
699.3(2) 
Z, calculated density    [g/cm3] 8, 7.26 8, 7.56 
abs. coefficient     [mm1] 34.8 36.9 
abs. correction numerical numerical 
crystal size      [mm3], color 0.2 × 0.06 × 0.04, silvery 0.1 × 0.12 × 0.03, silvery 
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2 theta range                    [°] 3.6  58.9 3.3  52.1 
limiting indices 
 
8   h   8 
8   k   8 
26   l   29 
7   h   7 
7   k   7 
25   l   25 
measurement 
j1 = 0 , 0° £ w1 £ 180° 
j2 = 60 , 0° £ w2 £ 180° 
Dw = 1°, (360 images) 
0 £ j £ 270°  
270 images 
f = 1°  
irradiation time [min]  
detector distance [mm] 
4 
100 
4  
70 
reflections collected/unique 7405 / 1196 7289 / 823 
Rint 0.067 0.068 
data / Parameters 1196/ 49 823/ 46 
goodness-of-fit 1.16 1.11 
R1, wR2 (I > 2(I)) 0.036, 0.114 0.031, 0.080 
R1, wR2 (all data) 0.040, 0.117 0.037, 0.084 
extinction parameter 0.0012(1) 0.0039(3) 
larg. diff. peak/hole     [e/Å3] 4.42 / 3.85 2.02 / 1.64 
twin matrix ; twin ratio (001, 100, 100 ); 0.59:0.41 (001, 100, 100 ); 0.65:0.35 
 
Table 20A: Anisotropic displacement parameters (Å2 · 104) for LaAg1.01(1)As2. 
 
atom U11 U22 U33 U12 U13 U23 
La(1) 85(5) 46(5) 78(4) 0 2(1) 0 
La(2) 88(5) 50(5) 91(4) 0 3(1) 0 
Ag(1) 146(1) 98(1) 110(5) 0 0 4(3) 
Ag(2) 122(1) 78(1) 112(5) 0 0 1(3) 
As(1) 100(1) 43(1) 104(5) 0 4(3) 0 
As(2) 92(1) 53(1) 115(5) 0 7(3) 0 
As(3) 206(4) 148(4) 98(4) 11(3) 8(3) 9(5) 
 
Table 21A: Anisotropic displacement parameters (Å2 · 104) for CeAgAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Ce(1) 77(5) 107(6) 68(5) 0 4(2) 0 
Ce(2) 71(5) 111(6) 99(5) 0 1(2) 0 
Ag(1) 124(1) 156(1) 119(6) 0 0 4(4) 
Ag(2) 125(1) 140(1) 110(6) 0 0 8(4) 
As(1) 81(1) 109(1) 114(1) 0 2(4) 0 
As(2) 87(1) 110(1) 113(1) 0 5(4) 0 
As(3) 129(4) 137(5) 092(5) 4(3) 3(3) 12(5) 
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Table 22A: Single-crystal data for PrAgAs2 and NdAgAs2. 
 
empirical formula PrAgAs2 NdAgAs2 
formula weight         [g/mol] 398.62 401.95 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS-I STOE-IPDS-I 
space group P1121/n (No. 14) P1121/n (No. 14) 
cell dimensions            a   [Å]  
                                     b   [Å] 
                                     c   [Å] 
                                     g   [°] 
                                    V   [Å3] 
4.029(1) 
4.069(1) 
21.061(4) 
90.0(1)  
345.28(1) 
4.029(1) 
4.045(1) 
21.003(4) 
90.0(1) 
342.29(1)  
Z, calculated density    [g/cm3] 4, 7.67 4, 7.80 
abs. coefficient     [mm1] 38.4 39.6 
abs. correction numerical numerical 
crystal size      [mm3], color 0.04 × 0.2 × 0.3, silvery 0.3 × 0.05 × 0.03, silvery 
2 theta range                    [°] 3.3  52.1 3.8  56.3 
limiting indices 
 
4   h   4 
5   k   5 
25   l   25 
5   h   5 
5   k   5 
23   l   23 
phi range 
phi increment 
0  270° (270 images)  
f = 1° 
0  270° (270 images) 
f = 1° 
irradiation time [min]  
detector distance [mm] 
5  
70 
4  
60 
reflections collected/unique 3548 / 644 4466 / 757 
Rint 0.063 0.054 
data / parameters 644 / 39 757 / 39 
goodness-of-fit 1.06 1.09 
R1, wR2 (I > 2(I)) 0.033, 0.079 0.029, 0.073 
R1, wR2 (all data) 0.036, 0.082 0.031, 0.075 
extinction parameter 0.0078(8) 0.007(7) 
larg. diff. peak/hole     [e/Å3] 1.69 / 2.12 1.84 / 1.94 
twin matrix ; twin ratio (010, 100, 001); 0.49:0.51 (010, 100, 001); 0.22:0.78 
 
Table 23A: Anisotropic displacement parameters (Å2 · 104) for PrAgAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Pr 93(4) 79(4) 100(4) 2(3) 2(2) 2(2) 
Ag 129(5) 118(5) 143(6) 1(3) 5(3)      0 
As(1) 137(7) 126(6) 91(6) 2(4) 2(5) 2(4) 
As(2) 94(6) 80(6) 125(7) 2(4) 4(4) 4(4) 
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Table 24A: Anisotropic displacement parameters (Å2 · 104) for NdAgAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Nd 88(4) 56(3) 61(3) 7(2) 0 4(1) 
Ag 129(5) 100(4) 90(5) 4(2) 11(3) 1(2) 
As(1) 115(1) 98(4) 73(6) 0 4(4) 12(4) 
As(2) 90(6) 62(5) 81(6) 7(3) 7(4) 2(3) 
 
Table 25A: Single-crystal data for SmAgAs2. 
 
empirical formula SmAgAs2 
formula weight        [g/mol] 408.06 
meas. temperature     [K] 293(2) 
diffractometer STOE-IPDS-I 
space group P1121/n (No. 14) 
cell dimensions            a    [Å]  
                                     b    [Å] 
                                     c    [Å] 
                                    g     [°] 
                                    V    [Å3] 
3.991(1) 
4.020(1) 
20.885(4) 
90.0(1) 
334.92(1) 
Z, calculated density        [g/cm3] 4, 8.09 
abs. coefficient     [mm1] 42.5 
abs. correction numerical 
crystal size      [mm3], color 0.2 × 0.04 × 0.05, silvery 
2 theta range                    [°] 3.8  56.3 
limiting indices 
 
5   h   5 
5   k   5 
26   l   26 
phi range 
phi increment 
0  270° (270 images) 
f = 1° 
irradiation time [min],  
detector distance [mm] 
4 
60 
reflections collected/unique 4430 / 794 
Rint 0.059 
data / parameters 794 / 39 
goodness-of-fit 1.11 
R1, wR2 (I > 2(I)) 0.027, 0.064 
R1, wR2 (all data) 0.033, 0.066 
extinction parameter 0.0091(1) 
larg. diff. peak/hole     [e/Å3] 1.39 / 2.82 
twin matrix ; twin ratio (010, 100, 001); 0.05:99.95 
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Table 26A: Anisotropic displacement parameters (Å2 · 104) for SmAgAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Sm 70(2) 54(2) 78(3) 3(1) 2(1) 3(1) 
Ag 112(3) 88(3) 116(4) 5(1)     6(2)     1(1) 
As(1) 96(4) 91(3) 81(5) 5(2) 2(4)     7(3) 
As(2) 69(4) 56(3) 93(5) 2(2) 4(3) 4(2) 
 
6.1.3       LnAuAs2 (Ln = Pr, Sm, Gd, Tb) 
 
Table 27A: Single-crystal data for PrAuAs2 and SmAuAs2. 
 
empirical formula PrAuAs2 SmAuAs2 
formula weight        [g/mol] 975.43 497.16 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE-IPDS-I  STOE-IPDS-II  
space group Pcmb (No. 57) Pcmb (No. 57) 
cell dimensions          a   [Å]  
                                   b   [Å] 
                                   c   [Å] 
                                  V  [Å3] 
5.778(1) 
5.801(1) 
20.465(4) 
685.9(2) 
5.729(1) 
5.735(1) 
20.439(4) 
671.5(2) 
Z, calculated density    [g/cm3] 8, 9.45 8, 9.84 
abs. coefficient     [mm1] 75.6 80.2 
abs. correction numerical numerical 
crystal size      [mm3], color 0.06 × 0.09 × 0.02, silvery 0.02 × 0.05 × 0.03, silvery 
2 theta range                  [°] 3.3  52.1 2.3  59.5 
limiting indices 
 
7   h   7 
7   k   7 
25   l   25 
7   h   7 
7   k   7 
28   l   28 
measurement 
0   j    270°  
(270 images) 
f = 1° 
j1 = 115 , 0° £ w1 £ 180° 
j2 = 55 , 0° £ w2 £ 120° 
Dw = 1° (300 images) 
irradiation time [min] 
detector distance [mm] 
10 
70 
5 
100 
reflections collected/unique 7219 / 801 5233 / 1008 
Rint 0.067 0.087 
data /parameters 801 / 46 1008 / 46 
goodness-of-fit 1.05 1.32 
R1, wR2 (I > 2(I)) 0.030, 0.066 0.046, 0.123 
R1, wR2 (all data) 0.046, 0.073 0.081, 0.135 
extinction parameter 0.004(3) 0.0015(1) 
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larg. diff. peak/hole     [e/Å3] 2.23 / 2.05 3.88 / 3.27 
twin matrix ; twin ratio (001, 100, 100 ); 0.76:0.24 (001, 100, 100 ); 0.52:0.48 
 
Table 28A: Anisotropic displacement parameters (Å2 · 104) for PrAuAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Pr(1) 83(5) 82(6) 92(6) 0 3(4) 0 
Pr(2) 75(5) 91(6) 100(6) 0 1(4) 0 
Au(1) 144(5) 162(8) 163(7) 0 0 13(3) 
Au(2) 145(5) 148(8) 158(7) 0 0 10(3) 
As(1) 79(1) 92(1) 145(1) 0 13(1) 0 
As(2) 71(1) 85(1) 148(1) 0 7(1) 0 
As(3) 127(5) 118(6) 101(6) 3(4) 9(7) 0 
 
Table 29A: Anisotropic displacement parameters (Å2 · 104) for  SmAuAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Sm(1) 74(1) 157(1) 125(1) 0 11(1) 0 
Sm(2) 75(1) 124(1) 142(1) 0 3(1) 0 
Au(1) 139(1) 209(1) 206(1) 0 0 9(1) 
Au(2) 118(1) 172(1) 220(1) 0 0 7(1) 
As(1) 110(2) 120(3) 200(4) 0 29(1) 0 
As(2) 120(2) 80(3) 150(4) 0 8(1) 0 
As(3) 224(1) 65(1) 141(1) 3(1) 53(1) 34(1) 
 
 
Table 30A: Single-crystal data for GdAuAs2 and TbAuAs2. 
 
empirical formula GdAuAs2 TbAuAs2 
formula weight        [g/mol] 504.06 505.73 
meas. temperature     [K] 293(2) 293(2) 
diffractometer   STOE-IPDS-I STOE-IPDS-I  
space group Pcmb (No. 57) Pcmb (No. 57) 
cell dimensions           a   [Å]  
                                    b   [Å] 
                                    c   [Å] 
                                   V   [Å3] 
5.674(1) 
5.681(1) 
20.299(4) 
654.3(2) 
5.648(1) 
5.661(1) 
20.220(5) 
646.4(2) 
Z, calculated density   [g/cm3] 8, 10.23 8, 10.40 
abs. coefficient     [mm1] 84.7 87.1 
abs. correction numerical numerical 
crystal size      [mm3], color 0.05 × 0.03 × 0.01, silvery 0.01 × 0.02 × 0.02, silvery 
2 theta range                    [°] 3.3  52.1 3.3  52.1 
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limiting indices 
 
6   h   6 
6   k   6 
24   l   24 
6   h   6 
6   k   6 
24   l   24 
phi range 
phi increment 
0  270° (270 images) 
f = 1°  
0  270° (270 images) 
f = 1°  
irradiation time [min] 
detector distance [mm] 
25 
70 
20 
70 
reflections collected/unique 6881 / 759 6745 / 759 
Rint 0.0904 0.1745 
data / parameters 759/ 46 759 / 46 
goodness-of-fit 1.03 1.06 
R1, wR2 (I > 2(I)) 0.041, 0.108 0.052, 0.119 
R1, wR2 (all data) 0.073, 0.131 0.111, 0.144 
extinction parameter 0.001(1) 0.0003(1) 
larg. diff. peak/hole     [e/Å3] 3.95 / 4.43 4.51 / 3.62 
twin matrix ; twin ratio (010, 100, 100 ); 0.72:0.28 (010, 100, 100 ); 0.33:0.67 
 
Table 31A: Anisotropic displacement parameters (Å2 · 104) for GdAuAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Gd(1) 64(1) 86(1) 66(1) 0 12(1) 0 
Gd(2) 37(1) 91(1) 98(1) 0 15(1) 0 
Au(1) 139(1) 170(1) 157(1) 0 0 10(1) 
Au(2) 136(1) 199(1) 165(1) 0 0 2(1) 
As(1) 20(3) 140(3) 70(3) 0 0 0 
As(2) 50(3) 50(2) 130(3) 0 20(2) 0 
As(3) 186(1) 80(1) 92(1) 10(3) 39(5) 9(1) 
 
Table 32A: Anisotropic displacement parameters (Å2 · 104) for TbAuAs2. 
 
atom U11 U22 U33 U12 U13 U23 
Tb(1) 90(3) 130(3) 120(3) 0 27(1) 0 
Tb(2) 80(3) 90(3) 80(3) 0 28(1) 0 
Au(1) 180(2) 168(1) 220(2) 0 0 4(1) 
Au(2) 154(1) 230(2) 150(2) 0 0 17(1) 
As(1) 80(5) 40(5) 130(6) 0 90(3) 0 
As(2) 70(5) 140(6) 100(6) 0 60(3) 0 
As(3) 190(2) 123(1) 89(1) 10(4) 35(1) 70(4) 
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6.1.4       Sm2Cu3As3 
 
Table 33A: Single-crystal data for Sm2Cu3As3. 
 
empirical formula Sm2Cu3As3 
formula weight        [g/mol] 716.08 
meas. temperature     [K] 293(2) 
diffractometer STOE IPDS-I 
space group Pnma (No. 62) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                   V  [Å3] 
13.445(3) 
4.019(1) 
11.089(2) 
599.2(2) 
Z, calculated density        [g/cm3] 4 , 7.94 
abs. coefficient             [mm1] 46.1 
abs. correction numerical 
crystal size   [mm3], color 0.03 × 0.06 × 0.02, dark-grey 
2 theta range                    [°] 2.4 - 54 
limiting indices 
 
15    h    17 
4    k   4 
14    l    12 
refl. collected/unique 2491 / 721 
phi range, phi increment 0  270°, (270 images), f = 1° 
irradiation time [min], detector distance [mm] 25, 65 
Rint 0.058 
data / parameters 721 / 50 
goodness-of-fit 1.05 
R1, wR2 (I > 2(I)) 0.029, 0.071 
R1, wR2 (all data) 0.032, 0.072 
extinction parameter 0.0073(5) 
larg. diff. peak/hole     [e/A3] 1.74 / 2.05 
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Table 34A: Anisotropic displacement parameters (Å2 · 104) for Sm2Cu3As3. 
 
atom U11 U22 U33 U12 = U23 U13 
Sm(1) 90(3) 69(4) 73(3) 0 2(1) 
Sm(2) 113(3) 70(4) 83(3) 0 5(1) 
As(1) 88(5) 73(3) 72(3) 0 4(3) 
As(2) 107(5) 77(2) 74(4) 0 1(4) 
As(3) 95(5) 72(6) 83(5) 0 2(4) 
Cu(1) 114(3) 119(2) 126(5) 0 6(5) 
Cu(2) 153(4) 143(3) 124(2) 0 21(5) 
Cu(3) 162(4) 148(3) 169(4) 0 10(5) 
 
 
6.1.5 Sm2CuAs3O  
 
Table 35A: Single-crystal data for Sm2CuAs3O. 
 
empirical formula Sm2CuAs3O 
formula weight        [g/mol] 605 
meas. temperature     [K] 297(2) 
diffractometer STOE IPDS-I 
space group Pnma (No. 62) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                   V  [Å3] 
34.469(1) 
3.948(1) 
3.984(1) 
541.9(2) 
Z, calculated density        [g/cm3] 4 , 7.42 
abs. coefficicient     [mm1] 43.3 
abs. correction numerical 
crystal size      [mm3], color 0.08 × 0.07 × 0.01, silvery 
2 theta range                    [°] 4.72  48  
limiting indices 
 
39   h   39 
4   k   4 
4   l   4 
phi range, phi increment 0  270° (386 images), f = 0.7° 
irradiation time [min], detector distance [mm] 4, 80  
refl. collected/unique 4344 / 487 
Rint 0.054 
data / Parameters 487 / 41 
goodness-of-fit 1.06 
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R1, wR2 (I > 2(I)) 0.027 , 0.065 
R1, wR2 (all data) 0.032 , 0.067 
larg. diff. peak/hole     [e/A3] 1.27 / 1.72 
 
Table 36A:Anisotropic displacement parameters (Å2 · 104) for Sm2CuAs3O. 
 
atom U11 U22 U33 U12 = U23 U13 
Sm(1) 66(4) 75(4) 83(5) 0 3(3) 
Sm(2) 55(4) 65(4) 51(4) 0 3(3) 
As(1) 79(1) 70(4) 82(7) 0 8(1) 
As(2) 71(1) 121(1) 83(1) 0 3(1) 
As(3) 75(1) 119(1) 114(1) 0 2(1) 
Cu 84(1) 129(3) 144(4) 0 2(1) 
 
 
6.1.6       Gd3CuSe6 
 
Table 37A: Single-crystal data for Gd3CuSe6. 
 
empirical formula Gd3CuSe6 
formula weight        [g/mol] 1009.01 
meas. temperature     [K] 293(2) 
diffractometer STOE IPDS-I 
space group Pbcm (No. 57) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                  V   [Å3] 
7.107(1) 
7.797(2) 
16.897(3) 
936.2(3) 
Z, calculated density        [g/cm3] 4, 7.16 
abs. coefficicient             [mm1] 46.5 
abs. correction numerical 
crystal size     [mm3], color 0.04 × 0.3 × 0.04, grey 
2 theta range                    [°] 3.3  52.1 
limiting indices 
 
8   h   8 
9   k   9 
18   l   18 
measurement 
0  270° (208 images) 
f = 1.3° 
irradiation time [min] 
detector distance [mm] 
6 
70 
refl. collected/unique 9358 / 897 
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Rint  0.087 
data / parameters 897 / 64 
goodness-of-fit 2.02 
R1, wR2 (I > 2(I)) 0.028, 0.064 
R1, wR2 (all data) 0.038, 0.066 
extinction parameter 0.51(3) 
larg. diff. peak/hole     [e/A3] 1.90 / 2.29 
 
Table 38A: Anisotropic displacement parameters (Å2 · 104) for Gd3CuSe6. 
 
atom U11 U22 U33 U12 U13 U23 
Gd(1) 119(3) 74(3) 94(3) 9(1) 8(1) 8(1) 
Gd(2) 116(4) 78(4) 81(4)   2(2)       0 0 
Se(1) 111(6) 96(1) 72(1)   34(5)       0 0 
Se(2) 109(4) 90(5) 70(5)  16(3)       18(3) 0 
Se(3) 80(6) 96(7) 82(1)         0       0  6(5) 
Se(4) 97(4) 81(5) 100(6)       5(3)     3(3) 0 
Cu 390(4) 930(4) 2560(8)          0       0 860(5) 
 
 
6.1.7       KGd2CuSe4, KLn2Cu3Se5 (Ln = Ho, Er, Tm), and K2Ln4Cu4Se9 (Ln = Dy, Y) 
 
Table 39A: Single-crystal data for KGd2CuSe4. 
 
empirical formula KGd2CuSe4 
formula weight        [g/mol] 732.98 
meas. temperature     [K] 293(2) 
diffactometer STOE IPDS-I 
space group Cmcm (No. 63) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                   V  [Å3] 
4.136(1) 
14.019(3) 
14.384(3) 
834.1(1) 
Z, calculated density        [g/cm3] 4, 5.84 
abs. coefficicient             [mm1] 36.1 
abs. correction numerical 
crystal size          [mm3], color 0.04 × 0.2 × 0.03, red 
2 theta range                    [°] 3.3  52.1 
limiting indices 
 
4   h   4 
16   k   16 
17   l   17 
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phi range, phi increment 0  270° (180 images), f = 1.5° 
irradiation time [min], detector distance [mm] 4.5, 70 
refl. collected/unique 4363 / 464 
Rint 0.044 
data / parameters 464 / 30 
goodness-of-fit 1.19 
R1, wR2 (I > 2(I)) 0.019, 0.048 
R1, wR2 (all data) 0.022, 0.049 
extinction parameter 0.0029(1) 
larg. diff. peak/hole     [e/A3] 0.862 / 0.98 
 
Table 40A: Anisotropic displacement parameters (Å2 · 104) for KGd2CuSe4. 
 
atom U11 U22 U33 U12 = U13 U23 
K 158(1) 139(1) 295(1) 0 0 
Gd 77(3) 97(2) 86(2) 0 2(1) 
Cu 179(1) 173(1) 125(1) 0 0 
Se(1) 98(1) 114(1) 79(1) 0 0 
Se(2) 68(1) 107(1) 224(1) 0 66(4) 
Se(3) 89(4) 99(4) 77(3) 0 7(3) 
 
 
Table 41A: Single-crystal data for KHo2Cu3Se5 and KEr2Cu3Se5. 
 
empirical formula KHo2Cu3Se5 KEr2Cu3Se5 
formula weight        [g/mol] 954.38 959.04 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE IPDS-I STOE IPDS-I 
space group Cmcm (No. 63) Cmcm (No. 63) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                   V  [Å3] 
4.098(1) 
14.368(3) 
16.882(3) 
989.2(4) 
4.087(1) 
14.379(3) 
16.832(3) 
989.2(4) 
Z, calculated density        [g/cm3] 4 , 6.38 4 , 6.44 
abs. coefficicient             [mm1] 40.7 41.9 
abs. correction numerical numerical 
crystal size          [mm3], color 0.2 × 0.3 × 0.5, orange 0.02 × 0.13 × 0.02, orange 
2 theta range                    [°] 3.3  52.1  3.3  52.1 
limiting indices 
 
4   h   4 
17   k   17 
20   l   20 
4   h   4 
17   k   17 
-20   l   20 
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phi range 
phi increment 
0  270° (193 images) 
f = 1.4° 
0  270° (180 images) 
f = 1.5° 
irradiation time [min]  
detector distance [mm] 
10   
70  
10   
70  
refl. collected/unique 5980 / 556 5236 / 555 
Rint 0.047 0.067 
data / parameters 556 / 38 555 / 38 
goodness-of-fit 1.10 1.10 
R1, wR2 (I > 2(I)) 0.030, 0.077 0.032, 0.076 
R1, wR2 (all data) 0.033, 0.078 0.039, 0.079 
extinction parameter 0.0012(1) 0.0022(1) 
larg. diff. peak/hole     [e/A3] 1.49 / 2.15 1.83 / 2.57 
 
Table 42A: Anisotropic displacement parameters (Å2 · 104) for KHo2Cu3Se5. 
 
atom U11 U22 U33 U12 = U13 U23 
K 280(2) 233(1) 223(1) 0 0 
Ho 119(4) 154(3) 76(3) 0 0 
Cu(1) 174(1) 320(1) 243(1) 0 0 
Cu(2) 197(1) 204(1) 223(1) 0 9(5) 
Se(1) 135(6) 133(5) 108(5) 0 4(4) 
Se(2) 129(1) 189(1) 83(1) 0 0 
Se(3) 115(1) 147(5) 79(5) 0 5(4) 
 
Table 43A: Anisotropic displacement parameters (Å2 · 104) for KEr2Cu3Se5. 
 
atom U11 U22 U33 U12 = U13 U23 
K 240(3) 240(3) 190(2) 0 0 
Er 96(4) 130(4) 78(4) 0 4(2) 
Cu(1) 153(1) 276(1) 238(1) 0 0 
Cu(2) 179(1) 179(1) 212(1) 0 5(1) 
Se(1) 110(1) 109(1) 103(1) 0 7(5) 
Se(2) 134(1) 130(1) 85(1) 0 0 
Se(3) 86(1) 127(1) 75(1) 0 4(5) 
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Table 44A: Single-crystal data for KTm2Cu3Se5. 
 
empirical formula KTm2Cu3Se5 
formula weight        [g/mol] 962.38 
meas. temperature     [K] 293(2) 
difractometer STOE IPDS-I 
space group Cmcm (No. 63) 
cell dimensions          a   [Å] 
                                   b   [Å]  
                                   c   [Å] 
                                   V  [Å3] 
4.079(1) 
14.358(3) 
16.749(3) 
982.1(4) 
Z, calculated density        [g/cm3] 4 , 6.51 
abs. coefficicient             [mm1] 43.2 
abs. correction numerical 
crystal size          [mm3], color 0.3 × 0.4 × 0.5, orange 
2 theta range                    [°] 3.3  52.1 
limiting indices 
 
4   h   4 
17   k   17 
20   l   20 
phi range 
phi increment 
0  270° (180 images) 
f = 1.5° 
irradiation time [min]  
detector distance [mm] 
10   
70  
refl. collected/unique 5060  / 550 
Rint 0.057 
data / parameters 550 / 38 
goodness-of-fit 1.08 
R1, wR2 (I > 2(I)) 0.033, 0.086 
R1, wR2 (all data) 0.0373, 0.089 
extinction parameter 0.00043(1) 
larg. diff. peak/hole     [e/A3] 2.35/ 1.89 
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Table 45A: Anisotropic displacement parameters (Å2 · 104) for KTm2Cu3Se5. 
 
atom U11 U22 U33 U12 = U13 U23 
K 300(3) 230(2) 230(2) 0 0 
Tm 138(4) 128(4) 127(4) 0 0 
Cu(1) 174(1) 277(1) 0269(1) 0 0 
Cu(2) 215(1) 191(1) 253(1) 0 5(6) 
Se(1) 156(1) 103(1) 154() 0 1(5) 
Se(2) 146(1) 148(1) 121(1) 0 0 
Se(3) 128(1) 121(1) 124(1) 0 5(4) 
 
 
Table 46A: Single-crystal data for K2Dy4Cu4Se9 and K2Y4Cu4Se9. 
 
empirical formula K2Dy4Cu4Se9 K2Y4Cu4Se9 
formula weight        [g/mol] 1693.02 1398.64 
meas. temperature     [K] 293(2) 293(2) 
diffractometer STOE IPDS-I STOE IPDS-I 
space group C2/m (No. 12) C2/m (No. 12) 
cell dimensions          a    [Å] 
                                   b    [Å]  
                                   c    [Å] 
                                      (°) 
                                  V   [Å3] 
14.246(3) 
4.108(1) 
16.436(3) 
109.5(3) 
906.5(3) 
14.245(3) 
4.102(1) 
16.432(3) 
109.4(3) 
905.9(3) 
Z, calculated density        [g/cm3] 2 , 6.20 2, 5.13 
abs. coefficicient             [mm1] 39.4 35.8 
abs. correction numerical numerical 
crystal size     [mm3], color 0.03 × 0.11 × 0.02, red 0.02 × 0.08 × 0.04, red 
2 theta range                 [°]  3.3  52.1 3.3  52.1 
limiting indices 
 
17   h   17 
4  k   4 
20   l   20 
17   h   17 
4  k   4 
20   l   20 
phi range,  
phi increment 
0  270° (193 images) 
f = 1.4° 
0  270° (180 images) 
f = 1.5° 
irradiation time [min] 
detector distance [mm] 
15 
70  
11 
70 
refl. collected/unique 4890 / 989 4895/ 978 
Rint  0.0681 0.0532 
data / parameters 989 / 60 978/60 
goodness-of-fit 1.13 1.06 
R1, wR2 (I > 2(I)) 0.041, 0.094 0.032, 0.079 
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R1, wR2 (all data) 0.055, 0.099 0.039, 0.083 
extinction parameter 0.0015(1) 0.0038(3) 
larg. diff. peak/hole     [e/A3] 2.01 / 2.21 1.17 /1.55  
 
Table 47A: Anisotropic displacement parameters (Å2 · 104) for K2Dy4Cu4Se9. 
 
atom U11 U22 U33 U12 = U23 U13 
K 231(1) 201(1) 251(1) 0 30(2) 
Dy(1) 128(1) 125(1) 126(1) 0 40(2) 
Dy(2) 138(1) 119(1) 131(1) 0 42(2) 
Cu(1) 252(1) 181(1) 213(1) 0 95(1) 
Cu(2) 216(1) 201(1) 253(1) 0 95(1) 
Se(1) 119(1) 83(1) 273(1) 0 7(1) 
Se(2) 107(1) 102(1) 150(1) 0 44(1) 
Se(3) 133(1) 126(1) 123(1) 0 44(1) 
Se(4) 142(1) 140(1) 128(1) 0 53(1) 
Se(5) 118(1) 130(1) 152(1) 0 58(1) 
 
Table 48A: Anisotropic displacement parameters (Å2 · 104) for K2Y4Cu4Se9. 
 
atom U11 U22 U33 U12 = U23 U13 
K 184(1) 247(1) 235(2) 0 2(1) 
Y(1) 133(5) 163(6) 108(5) 0 35(4) 
Y(2) 142(5) 156(6) 103(5) 0 39(4) 
Cu(1) 275(8) 217(9) 185(7) 0 98(6) 
Cu(2) 185(7) 232(9) 231(7) 0 85(6) 
Se(1) 98(7) 158(9) 227(8) 0 9(6) 
Se(2) 120(5) 150(6) 112(5) 0 37(4) 
Se(3) 130(5) 168(6) 109(5) 0 42(4) 
Se(4) 156(5) 168(6) 100(5) 0 37(4) 
Se(5) 118(5) 179(7) 128(5) 0 40(4) 
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6.2         Observed and calculated powder diagrams (2q in (°), CuKa/ = 1.540598 Å) 
6.2.1      LnCu1+dAs2 (Ln = Pr, Nd, Sm, Gd  Lu) 
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6.2.2       LnAgAs2 (Ln = Ce, Pr, Nd) 
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6.3          X-ray powder data for LnCu1+dAs2 (Ln = Y, La, Ce, Nd, Sm, Tb  Lu) 
In all tables, Iobs and Icalc  are observed and calculated intensity, 2obs and 2calc are observed 
and calculated Bragg angles, respectively. 2 max is limited to approximately 80°. 
 
Table 1B: LaCu1.25(1)As2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   2 3.2 2.6 8.71 8.69 
0   0   4 1.5 0.8 17.46 17.44 
1   0   1 8.5 9.5 22.05 22.03 
1   0   3 1.1 1.7 25.28 25.31 
0   0   6 2.6 1.9 26.28 26.29 
1   0   5 26.0 44.8 30.90 30.90 
1   1   2 3.4 2.3 31.99 31.98 
1   1   4 100.0 100.0 35.54 35.54 
1   0   7 3.8 7.7 37.89 37.90 
1   1   6 0.8 0.9 40.88 40.86 
2   0   0 30.2 41.4 44.00 44.60 
1   0   9 8.9 20.3 45.79 45.80 
1   1   8 4.0 4.1 47.48 47.48 
2   1   1 2.0 2.8 49.74 49.74 
2   1   3 0.4 0.4 51.38 51.44 
 
h    k   l Iobs Icalc 2obs 2calc 
2   0   6 0.6 1.0 51.98 51.98 
1   0  11 3.1 6.1 54.37 54.39 
2   1   5 7.8 15.9 54.74 54.74 
2   0   8 5.8 9.2 57.61 57.62 
2   1   7 2.1 4.3 59.45 59.44 
1   1  12 6.4 9.3 63.50 63.52 
2   2   0 7.5 11.9 63.98 63.98 
2   1   9 5.2 13.9 65.40 65.39 
2   1  11 2.3 4.7 72.49 72.45 
3   0   5 2.8 3.9 72.73 72.74 
1   1  14 2.8 2.1 72.73 72.75 
1   0  15 0.3 1.0 73.55 73.54 
0   0  16 1.5 3.0 74.67 74.66 
3   1   4 7.2 17.4 75.40 75.38 
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Table 2B: CeCu1.11(1)As2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3B: PrCu1.09(1)As2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 4.6 4.1 8.87 8.76 
0   0   2 1.9 1.5 17.67 17.58 
1   0   1 17.6 18.5 23.89 23.83 
0   0   3 2.5 2.3 26.55 26.51 
1   0   2 10.9 14.4 28.45 28.40 
1   1   0 7.4 5.9 31.52 31.48 
1   1   1 3.0 2.7 32.78 32.74 
1   0   3 21.7 34.4 34.83 34.79 
0   0   4 12.6 12.6 35.64 35.60 
1   1   2 100.0 100.0 36.32 36.28 
1   1   3 1.3 1.3 41.62 41.61 
1   0   4 2.5 4.1 42.31 42.31 
1   0   4 2.5 4.1 42.31 42.31 
2   0   0 26.6 37.4 45.12 45.12 
1   1   4 2.2 2.6 48.25 48.25 
h   k   l Iobs Icalc 2obs 2calc 
1   0   5 9.0 18.8 50.63 50.63 
2   1   1 3.1 4.6 51.64 51.66 
2   1   2 2.7 4.4 54.16 54.12 
2   1   3 7.5 14.6 58.20 58.21 
2   0   4 6.3 10.2 58.74 58.76 
2   1   4 1.2 2.3 63.57 63.57 
1   1   6 4.1 7.6 64.37 64.40 
2   2   0 6.1 10.8 65.68 65.72 
1   0   7 1.5 3.5 69.28 69.28 
2   1   5 5.0 13.4 70.10 70.13 
1   1   7 1.0 2.0 73.67 73.73 
0   0   8 1.0 2.2 75.37 75.40 
3   0   3 1.9 3.1 76.58 76.56 
2   2   4 2.9 4.0 77.06 77.04 
3   1   2 6.1 17.3 77.41 77.45 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 3.9 3.8 8.75 8.74 
0   0   2 1.7 1.1 17.53 17.52 
1   0   1 14.2 17.6 23.67 23.67 
0   0   3 2.8 2.4 26.42 26.42 
1   0   2 8.4 14.4 28.24 28.23 
1   1   0 7.2 6.05 31.23 31.24 
1   1   1 3.4 2.63 32.50 32.50 
1   0   3 18.2 35.2 34.62 34.61 
0   0  4 12.6 12.7 35.49 35.48 
1   1   2 100.0 100.0 36.05 36.05 
1   1   3 1.5 1.2 41.37 41.37 
1   0   4 2.2 4.0 42.10 42.12 
1   0   4 2.3 4.0 42.10 42.12 
2   0   0 28.2 37.9 44.76 44.77 
1   1   4 2.6 3.0 47.98 47.99 
 
h   k   l Iobs Icalc 2obs 2calc 
1   0   5 6.9 18.7 50.41 50.41 
2   1   1 2.7 4.4 51.25 51.26 
2   1   2 2.1 4.5 53.78 53.78 
2   1   3 7.0 15.1 57.78 57.80 
2   0   4 6.4 10.2 58.36 58.39 
2   1   4 1.2 2.3 63.15 63.15 
1   1   6 4.5 8.3 64.09 64.08 
2   2   0 6.1 11 65.14 65.18 
1   0   7 1.4 3.3 69.01 68.98 
2   1   5 4.5 13.6 69.69 69.69 
1   1   7 1.2 2.3 73.38 73.37 
0   0   8 1.1 2.5 75.12 75.10 
3   0   3 1.5 3.3 75.94 75.95 
2   2   4 3.0 4.0 76.48 76.46 
3   1   2 6.4 17.2 76.79 76.80 
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Table 4B: NdCu1.09(1)As2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5B: SmCu1.05(1)As2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 4.5 3.9 8.82 8.77 
0   0   2     2.4 1.7 17.58 17.60 
1   0   1 21.5 19.4 23.94 23.93 
0   0   3 3.1 2.3 26.55 26.53 
1   0   2 14.1 15.1 28.50 28.48 
1   1   0 7.3 5.9 31.64 31.63 
1   1   1 3.7 2.6 32.89 32.88 
1   0   3 26.4 32.6 34.88 34.87 
0   0   4 13.5 13.5 35.63 35.63 
1   1   2 100.0 100.0 36.43 36.42 
1   1   3 1.4 1.1 41.63 41.74 
1   0   4 3.7 4.5 42.39 42.39 
2   0   0 28.5 36.1 45.33 45.34 
1   0   5 10.8 18.4 50.71 50.71 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 4.0 4.8 51.90 51.90 
2   0   3 1.1 1.2 53.29 53.30 
2   1   2 2.9 4.6 54.42 54.42 
2   1   3 7.9 13.8 58.45 58.44 
2   0   4 6.2 10.7 58.95 58.95 
2   1   4 1.7 2.5 63.88 63.80 
1   1   6 4.4 7.7 64.51 64.52 
2   2   0 5.8 10.4 66.08 66.05 
1   0   7 1.8 3.7 69.36 69.37 
2   1   5 5.5 13.0 70.37 70.36 
1   1   7 1.6 2.3 73.87 73.85 
3   0   3 1.4 3.0 76.89 76.92 
2   2   4 3.6 4.2 77.35 77.37 
3   1   2 6.9 17.0 77.90 77.85 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 6.1 3.3 8.84 8.82 
0   0   2 4.0 2.1 17.75 17.71 
1   0   1 24.9 19.2 24.21 24.20 
0   0   3 4.2 2.2 26.73 26.70 
1   0   2 16.4 14.9 28.76 28.77 
1   1   0 8.2 5.9 31.97 32.01 
1   1   1 3.0 2.4 33.27 33.27 
1   0   3 25.8 30.2 35.18 35.18 
0   0   4 19.1 13.5 35.86 35.86 
1   1   2 100.0 100.0 36.81 36.82 
1   1   3 2.4 1.0 42.15 42.16 
1   0   4 4.4 5.2 42.73 42.77 
2   0   0 26.8 35.8 45.88 45.90 
1   1   4 2.1 2.3 48.75 48.82 
1   0   5 11.5 17.3 51.09 51.11 
h    k   l Iobs Icalc 2obs 2calc 
2   1   1 4.2 4.8 52.61 52.55 
2   1   2 3.6 4.7 55.06 55.08 
2   1   3 8.6 12.9 59.09 59.12 
2   0   4 7.2 10.9 59.58 59.58 
2   1   4 2.6 2.9 64.53 64.51 
1   1   6 4.1 7.1 65.08 65.08 
2   2   0 6.2 10.5 66.93 66.94 
1   0   7 2.8 3.8 69.95 69.92 
2   1   5 4.9 13.3 71.11 71.12 
1   1   7 1.9 2.2 74.50 74.49 
0   0   8 2.0 1.9 76.05 76.01 
3   1   0 2.0 1.4 76.05 76.13 
3   0   3 1.6 2.8 77.86 77.93 
2   2   4 3.7 4.3 78.34 78.34 
3   1   2 5.8 17.6 79.00 78.91 
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Table 6B: GdCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7B: TbCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 4.6 3.4 8.90 8.87 
0   0   2 3.1 2.0 17.81 17.79 
1   0   1 24.0 17.5 24.35 24.34 
0   0   3 2.9 2.2 26.84 26.82 
1   0   2 17.2 16.8 28.93 28.93 
1   1   0 8.1 4.5 32.20 32.21 
1   1   1 3.9 2.6 33.47 33.47 
1   0   3 21.0 26.0 35.35 35.37 
0   0   4 15.1 13.9 36.00 36.03 
1   1   2 100.0 100.0 37.03 37.03 
1   1   3 1.4 1.0 42.43 42.40 
1   0   4 4.4 6.4 42.95 42.97 
2   0   0 36.0 35.2 46.20 46.20 
1   1   4 2.6 2.4 49.10 49.10 
1   0   5 9.3 17.0 51.36 51.38 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 4.0 4.5 52.89 52.90 
2   0   3 1.6 1.3 54.19 54.23 
2   1   2 4.0 5.4 55.43 55.43 
2   1   3 7.1 11.6 59.50 59.50 
2   0   4 7.1 12.0 59.92 59.94 
2   1   4 2.0 3.8 64.92 64.92 
1   1   6 3.5 6.9 65.42 65.44 
2   2   0 6.8 11.1 67.41 67.40 
1   0   7 2.3 4.6 70.30 70.30 
2   1   5 4.8 12.9 71.57 71.56 
1   1   7 1.9 2.8 74.89 74.92 
0   0   8 1.2 1.8 76.46 76.43 
3   0   3 1.4 2.7 78.38 78.48 
2   2   4 2.5 5.3 78.95 78.87 
3   1   2 6.7 20.9 79.52 79.48 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 3.4 3.0 9.00 8.92 
0   0   2 3.3 1.6 17.92 17.90 
1   0   1 24.0 17.2 24.56 24.50 
0   0   3 4.4 2.0 27.04 26.99 
1   0   2 18.5 16.8 29.16 29.11 
1   1   0 6.8 4.5 32.46 32.42 
1   1   1 4.4 2.4 33.74 33.69 
1   0   3 21.7 24.8 35.63 35.60 
0   0   4 16.1 14.2 36.28 36.26 
1   1   2 100.0 100.0 37.31 37.27 
1   0   4 6.2 6.6 43.25 43.25 
2   0   0 35.5 34.3 46.52 46.50 
1   1   4 2.9 1.9 49.47 49.42 
1   0   5 10.7 15.5 51.75 51.72 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 4.8 4.0 53.24 53.25 
2   0   3 2.5 1.2 54.59 54.60 
2   1   2 4.3 5.2 55.82 55.81 
2   1   3 7.2 10.4 59.87 59.91 
2   0   4 7.4 11.4 60.34 60.36 
2   1   4 3.0 3.7 65.41 65.38 
1   1   6 3.6 6.3 65.88 65.90 
2   2   0 9.7 10.2 67.85 67.88 
1   0   7 4.0 4.0 70.74 70.80 
2   1   5 6.1 11.0 72.04 72.08 
2   0   6 3.9 1.1 75.44 75.38 
1   1   7 3.9 2.3 75.44 75.47 
3   0   3 2.9 2.2 79.06 79.07 
2   2   4 3.5 4.6 79.45 79.46 
3   1   2 9.6 18.1 80.04 80.08 
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Table 8B: DyCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    Table 9B: HoCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 4.7 2.6 9.07 8.96 
0   0   2 4.0 1.8 18.03 17.97 
1   0   1 22.5 17.4 24.65 24.58 
0   0   3 3.8 2.0 27.14 27.10 
1   0   2 17.0 16.8 29.26 29.22 
1   1   0 8.0 4.6 32.56 32.53 
1   1   1 3.2 2.3 33.82 33.80 
1   0   3 17.5 24.2 35.74 35.73 
0   0   4 13.6 14.2 36.44 36.41 
1   1   2 100.0 100.0 37.45 37.41 
1   0   4 6.8 7.0 43.43 43.42 
2   0   0 32.9 33.8 46.70 46.66 
1   1   4 1.8 1.7 49.60 49.61 
1   0   5 9.4 15.2 51.90 51.94 
2   1   1 5.1 4.1 53.47 53.44 
h   k   l Iobs Icalc 2obs 2calc 
2   0   3 3.3 1.1 54.73 54.80 
2   1   2 4.6 5.1 56.03 56.01 
2   1   3 7.2 9.9 60.15 60.13 
2   0   4 7.3 11.3 60.56 60.59 
2   1   4 3.6 3.9 65.60 65.63 
1   1   6 3.1 5.9 66.16 66.18 
2   2   0 8.3 9.8 68.07 68.13 
1   0   7 2.6 4.0 71.11 71.11 
2   1   5 4.9 10.5 72.37 72.37 
2   0   6 2.2 1.0 75.78 75.70 
1   1   7 2.2 2.3 75.78 75.80 
0   0   8 2.2 1.4 77.46 77.34 
3   0   3 2.4 2.1 79.40 79.38 
2   2   4 3.1 4.8 79.74 79.79 
3   1   2 6.6 17.4 80.42 80.39 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 3.1 2.6 8.98 8.96 
1   0   1 12.2 14.6 24.61 24.60 
0   0   3 2.2 2.0 27.12 27.10 
1   0   2 17.1 17.1 29.24 29.23 
1   1   0 3.5 3.8 32.56 32.55 
1   1   1 3.3 2.3 33.85 33.83 
1   0   3 14.9 22.3 35.78 35.75 
0   0   4 12.4 14.2 36.42 36.42 
1   1   2 100.0 100.0 37.42 37.43 
1   0   4 6.0 7.5 43.42 43.44 
2   0   0 30.0 33.4 46.68 46.70 
1   1   4 2.0 1.7 49.64 49.64 
1   0   5 9.2 14.7 51.94 51.96 
2   1   1 2.1 3.1 53.46 53.48 
h   k   l Iobs Icalc 2obs 2calc 
2   0   3 1.8 1.2 54.81 54.83 
2   1   2 4.6 5.1 56.03 56.05 
2   1   3 6.0 8.8 60.17 60.17 
2   0   4 7.2 11.7 60.61 60.63 
2   1   4 2.5 4.0 65.66 65.67 
1   1   6 3.5 5.6 66.20 66.21 
2   2   0 7.8 9.6 68.18 68.18 
1   0   7 2.0 4.0 71.14 71.15 
2   1   5 5.1 9.9 72.42 72.42 
1   1   7 2.1 2.3 75.84 75.84 
3   0   3 1.3 1.8 79.45 79.44 
2   2   4 3.4 4.3 79.88 79.85 
3   1   2 10.1 16.9 80.47 80.46 
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Table 10B: ErCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11B: TmCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 2.0 2.1 9.02 8.99 
0   0   2 1.9 1.8 18.07 18.04 
1   0   1 22.5 18.1 24.70 24.68 
0   0   3 1.7 1.6 27.23 27.21 
1   0   2 15.7 16.5 29.34 29.33 
1   1   0 7.0 4.8 32.67 32.65 
1   1   1 2.8 2.0 33.92 33.94 
1   0   3 17.7 13.6 35.87 35.88 
0   0   4 11.4 14.6 36.54 36.56 
1   1   2 100.0 100.0 37.56 37.56 
1   0   4 5.4 7.7 43.58 43.60 
2   0   0 33.4 33.1 46.85 46.85 
1   0   5 7.7 14.8 52.13 52.16 
 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 4.0 4.1 53.65 53.66 
2   1   2 3.9 4.9 56.23 56.25 
2   1   3 6.5 9.5 60.38 60.39 
2   0   4 6.3 11.4 60.83 60.85 
2   1   4 2.7 4.2 65.90 65.92 
1   1   6 2.9 5.7 66.47 66.48 
2   2   0 7.2 9.5 68.44 68.43 
1   0   7 1.9 4.1 71.43 71.44 
2   1   5 4.2 10.0 72.69 72.70 
1   1   7 1.5 2.3 76.11 76.16 
3   0   3 1.0 1.9 79.72 79.75 
2   2   4 2.8 4.5 80.16 80.16 
3   1   2 8.6 17.0 80.82 80.77 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 1.5 1.6 9.02 8.98 
1   0   1 23.6 19.4 24.68 24.66 
0   0   3 1.0 1.4 27.21 27.16 
1   0   2 17.2 15.9 29.31 29.31 
1   1   0 7.4 5.2 32.64 32.64 
1   1   1 3.0 1.7 33.91 33.92 
1   0   3 18.2 24.1 35.82 35.83 
0   0   4 10.7 15.1 36.49 36.50 
1   1   2 100.0 100.0 37.52 37.53 
1   0   4 5.4 8.4 43.52 43.54 
2   0   0 37.3 33.6 46.81 46.84 
1   0   5 8.9 16.1 52.06 52.08 
2   1   1 5.3 4.9 53.62 53.64 
2 1 2 4.8 5.2 56.18 56.22 
 
h   k   l Iobs Icalc 2obs 2calc 
2   1   3 9.4 10.8 60.34 60.35 
2   0   4 9.4 13.2 60.74 60.8 
2   1   4 3.2 5.0 65.87 65.86 
1   1   6 3.5 6.9 66.34 66.38 
2   2   0 9.2 10.7 68.38 68.40 
1   0   7 2.7 5.4 71.33 71.32 
2   1   5 6.3 12.3 72.61 72.63 
1   1   7 2.2 2.9 76.02 76.03 
3   0   2 2.2 1.1 76.02 76.11 
3   1   0 1.2 1.2 77.83 77.87 
3   0   3 2.6 2.5 79.73 79.70 
2   2   4 5.6 5.9 80.16 80.10 
3   1   2 15.6 21.3 80.74 80.73 
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                                                              Table 12B: YbCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 13B: LuCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 2.1 1.4 9.04 9.02 
0   0   2 4.2 3.2 18.13 18.11 
1   0   1 30.1 21.7 24.80 24.79 
0   0   3 1.7 1.3 27.35 27.31 
1   0   2 16.4 15.8 29.47 29.46 
1   1   0 9.7 5.8 32.82 32.82 
1   1   1 2.8 1.6 34.14 34.11 
1   0   3 18.4 24.7 36.01 36.03 
0   0   4 14.8 15.6 36.69 36.70 
1   1   2 100.0 100.0 37.73 37.74 
1   0   4 5.3 8.3 43.78 43.78 
2   0   0 37.6 32.5 47.08 47.10 
2   0   2 1.5 1.2 50.85 50.86 
1   0   5 8.0 15.3 52.37 52.37 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 5.4 5.2 53.90 53.95 
2   1   2 4.1 4.7 56.52 56.54 
2   1   3 7.7 10.2 60.68 60.70 
2   0   4 7.9 12.2 61.10 61.15 
2   1   4 3.1 4.5 66.26 66.25 
1   1   6 3.4 6.1 66.74 66.77 
2   2   0 8.2 9.4 68.78 68.81 
1   0   7 2.3 4.7 71.76 71.75 
2   1   5 4.3 10.5 73.05 73.07 
1   1   7 1.5 2.4 76.52 76.51 
3   0   3 2.5 2.1 80.25 80.20 
2   2   4 4.4 4.9 80.62 80.60 
3   1   2 9.5 17.4 81.29 81.24 
 
h   k   l Iobs Icalc 2obs 2calc 
2   1   1 5.4 5.5 54.00 54.01 
2   1   2 4.2 4.7 56.62 56.60 
2   1   3 8.7 10.0 60.77 60.76 
2   0   4 9.2 11.8 61.20 61.22 
1   0   6 3.2 1.2 61.58 61.70 
2   1   4 3.6 4.4 66.34 66.31 
1   1   6 4.1 5.4 66.83 66.79 
2   2   0 7.2 9.3 68.90 68.90 
1   0   7 3.5 4.1 71.75 71.75 
2   1   5 5.5 9.7 73.17 73.12 
1   1   7 1.8 2.1 76.54 76.53 
3   0   3 2.8 2.1 80.37 80.30 
2   2   4 4.7 4.7 80.79 80.69 
3   1   2 10.6 17.0 81.37 81.35 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 2.1 1.2 9.05 9.03 
0   0   2 4.4 3.7 18.13 18.11 
1   0   1 28.6 23.2 24.82 24.82 
0   0   3 2.0 1.1 27.32 27.31 
1   0   2 15.9 15.9 29.49 29.49 
1   1   0 8.1 6.2 32.85 32.86 
1   1   1 2.3 1.5 34.18 34.14 
1   0   3 21.4 24.5 36.05 36.05 
0   0   4 16.4 14.9 36.70 36.70 
1   1   2 100.0 100.0 37.77 37.77 
1   0   4 7.3 8.3 43.82 43.79 
2   0   0 28.5 32.6 47.13 47.16 
2   0   2 1.9 1.3 50.85 50.92 
1   0   5 9.7 14.3 52.38 52.39 
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Table 14B: YCuAs2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   1 5.8 5.3 8.94 8.91 
1   0   1 3.9 3.0 24.53 24.51 
0   0   3 4.6 3.9 26.97 26.96 
1   0   2 21.6 19.7 29.13 29.12 
1   1   1 5.2 3.7 33.73 33.72 
1   0   3 14.7 15.6 35.59 35.59 
0   0   4 13.1 12.7 36.21 36.22 
1   1   2 100.0 100.0 37.30 37.29 
1   1   3 1.7 1.8 42.67 42.68 
1   0   4 7.0 7.2 43.21 43.22 
2   0   0 31.9 35.0 46.55 46.55 
1   1   4 4.3 5.9 49.41 49.41 
1   0   5 10.1 13.0 51.68 51.69 
2   0   3 1.9 2.0 54.58 54.62 
 
h   k   l Iobs Icalc 2obs 2calc 
0   0   6 1.9 1.8 55.56 55.58 
2   1   2 5.0 5.9 55.84 55.85 
2   1   3 5.2 6.5 59.94 59.94 
2   0   4 7.1 9.9 60.37 60.37 
2   1   4 2.3 3.9 65.39 65.39 
1   1   6 3.3 4.9 65.85 65.86 
2   2   0 7.2 10.1 67.94 67.95 
1   0   7 1.9 3.4 70.74 70.73 
2   1   5 5.2 9.1 72.08 72.08 
2   0   6 2.6 2.4 75.37 75.35 
1   1   7 2.6 2.3 75.37 75.40 
3   0   3 1.0 1.4 79.14 79.13 
2   2   4 2.9 3.9 79.54 79.51 
3   1   2 9.3 17.2 80.18 80.16 
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